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Chapter 1
Strategy And Objectives

1.1 Imtroduction

Thus report responds to the annual reporting requrements specified by section 224 of the National
Defense Authorization Act for Fiscal Years 1990 and 1991 (Public Law 101-189), as amended by
section 240 of the Natonal Defense Authorization Act for Fiscal Year 1994 (Public Law 103-
160), as summarized in Appendix B It describes the overall Ballistic Missile Defense (BMD)
strategy, descrnibes the discrete programs and projects included mn the overal! effort, addresses
mternational participation m BMD research, certifies compliance of planned development and
tesung program with existing arms control agreements, and provides details of current and
planned funding for BMD. Chapters 2, 3, and 4, which describe the program strategy, architec-
ture, and planning for Theater Missile Defense (TMD), National Missile Defense (NMD), and
Advanced Technology programs, respectively, specifically respond to the reporting requirements
of Section 224(b)(1) and (b)(2); Chapter 5 describes the funding requrements of the BMD pro-
gram 1n response to Section 224 (b)(8), Chapter 6 addresses Antiballistic Missile (ABM) Treaty
compliance per Section 224 (b)(6); Chapter 7 addresses the status of international consultations as
required by Section 224 (b)(5), and Chapter 8 addresses efforts regarding countermeasures
required by Section 224 (b)(7), as they relate to the current BMD program The reporting require-
ments uniquely related to the earher Strategic Defense Initiatrve (SDI) program, directed at a
phased deployment of defenses to counter a massive Soviet attack, have been carefully considered
in developing the report, but are not specifically addressed since they are no longer germane to the
planned BMD program These provisions include Section 224(b)(3), (4). (7), (9), and (10)

1.2  Ballistic Missile Defense (BMD) Program Priorities

The Department of Defense (DoD) has made Theater Missile Defense the top priority of the Bal-
listic Missile Defense Orgamzation (BMDQO), with National Missile Defense Technology Read:-
ness Program as a second priority, and an Advanced Technology program as a third priority.

The Department's objective 1s to develop, procure, and deploy TMD at a level that will enhance
U.S. warfighting capabihities and complement the effectiveness of its combat forces This plan
envistons the ume phased acquisition of a multitier defensive capability. The first phase consists
of near term 1mprovements to existing systems using low risk, and quick reaction programs, while
simultaneously refining concepts of operations and tactics The second phase develops a sigmifi-
cant core capability. Thus core capability consists of land based defenses to protect critical assets
and to provide theater-wide protection, and Navy capability to protect U S and fnendly forces 1n
littoral (coastal) areas The core capability also provides improved lethality and probability of kill
through the use of interceptors which employ advanced concepts such as hit-to-kill or improved
gmdance techniques combined with fragmentation warheads as well as engagement opportunities
at both lower altitudes and shorter ranges (lower tier intercepts within the atmosphere), and at
higher altitudes and longer ranges (upper tier, exoatmospheric and high endoatmospheric inter-
cepts). In the final phase, advanced concepts for TMD will be developed.

WAWRLO P AAL LA LALLUL LZLIAON ) WAL T LIV WALV RS LD AL A ATAMS T AL LM AL TASA fravas
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As a second priority of mussile defense, the NMD program is structured as a "technology read:-
ness" program that 18 focused on resolving key element and system level technical issues related
to the development and maintenance of options to deploy ballistic mussile defenses for the U.S.
This program was developed as a result of the Department's Bottom-Up Review (BUR) 1n 1993.
The focus of the program 1s to develop and test the capability of critical NMD technologies while
conducting planning that would reduce the time requured to deploy a contingency NMD system.
This focus 1s intended to provide increasingly capable options for deployment 1n as short a tume as
possible after a decision to deploy.

Pnor to the BUR decision, the NMD program was structured as an acquisition program aimed at
defending against Global Protection Against Limited Strike (GPALS) s1zed threats (up to as many
as 200 reentry vehicles) Deployment of a first site was at least ten years away, and contingency
deployment was not planned Multiple sites were envisioned for the objective system, and relief
from ABM Treaty constraints would have been required. The change 1n priority and direction for
the NMD program comng from the BUR reflects the changes m the threat environment from the
earlier GPALS threat. The new NMD strategy accommodates the uncertainty of the threat to the
United States and the reduced level of funding It also allows an evolution of capability as tech-
nology matures.

The third prority is an Advanced Technology program to provide technology options for
improvements to planned and deployed defenses The program will invest 1n hugh leverage tech-
nologies that yield improved capabilities for TMD and NMD mterceptors and sensors The
improvements will focus on responding to several potential developments

» The deployment of countermeasures on theater ballistic mussiles,
¢ The use of advanced submunitions (n ballistic mussile warheads;

» Lessons learned from operational experience with TMD systems

1.3 Cooperation with Allies and Friends

As part of broader efforts to enhance the security of U S and allied forces agamst ballistic missile
strikes and to complement counterproliferation strategy, the United States 1s exploring opportuni-
ties for cooperation with 1ts allies and friends 1n the area of TMD

The U S. approach to allied participation m research, development, and acqusition of ballistic
missile defense has evolved as the ballistic mussile program has changed Cooperation started as
a concerted effort on the part of the United States to consult friends and alhes regaiding the direc-
tion of U.S, initiatives. Consultation evolved into active participation 1n technology development
and, most recently, cooperation has started to focus on development of interoperable theater mus-
sile defense systems The latest stage of cooperation results from DoD giving high priority to
armaments cooperation, thereby providing impetus to the process of mvolving allies and fnends
in BMD programs
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The international community increasingly recognizes the existence and growth of the threat of
ballistic mussile attack and, as a consequence, commuitments to Theater Missile Defense (TMD)
development efforts by friends and allies have been rising. The Umited States has established sev-
eral working groups to explore the possibility of cooperation in the area of TMD. To capitalize on
the interest in TMD cooperation shown by many allies, the United States is taking an evolutionary
and tailored approach to allied cooperation in order to accommodate varying national programs
and plans, as well as the special capabilities of particular nations The approach may mclude a
menu of 1tems such as bilateral or multilateral research and development, improvements to current
mussile capabilities, off-the-shelf purchases, and more robust participation such as codevelopment
and coproduction programs

In the U.S. view, cooperation in TMD, whatever form 1t takes, will help strengthen security rela-
tionships with allies, help offset costs, will enhance the U S counterproliferation strategy of dis-
couraging acquisition and use of ballistic missiles and, should that fail, will protect against the
threats posed by such systems

1.4  Antiballistic Missile Treaty

During the past year, the Admimstration has pursued two agreements to update and clarify the
Antiballistic Missile (ABM) Treaty while preserving 1is viabihity, The first would provide the
States of the former Soviet Union the opportunsty to succeed to the ABM Treaty, making explicit
the Treaty parties and their responsibilities The second would clarify the distnction between
ABM systems, which are limuted by the Treaty, and non-ABM systems, whuch are not The
United States and Russia both believe this clartfication 1s necessary to facilitate the deployment of
effective theater mussiles while marntaiming the Treaty. An agreement on the distinction between
ABM and non-ABM systems would assist U.S. efforts to deveiop and deploy effective TMD sys-
tems for the protection of U.S forces, allies and friends. These two agteements are betng pursued
multilaterally i the Standing Consultative Commusston, m addition, there have been bilateral
U.S./Russia discussions on ABM/non-ABM demarcation at the political level

1.5 Conclusion

The U.S. ballistic missile defense program 1s a balanced program directed toward developmg
TMD, which 1s a critical component of a national security strategy that focuses on regional crises
and proliferation, pursuing the technologies needed for evolving an NMD capability and main-
tamning a readiness to deploy such a capabslity when needed, and exploring advanced technoiogtes
essential for defenses against future threats The remaining chapters in this repost discuss pro-
gram objectives in greater detail, describe the programs and projects being pursued to achieve
these objectives, and summarize the current status and plans for each program.

1-3
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Chapter 2
Theater Missile Defense Master Plan

2.1  Mission and Scope

The mussion of Theater Missile Defense (TMD) 1s defined in Joint Pub 3-01.5, “Doctrine for Joint
Missile Defense,” and the Theater Missile Defense Mission Need Statement: “The mission of
TMD is to protect U.S. forces, U.S allies, and other important countries, including areas of vital
mterest to the U.S., from theater missile attacks.” The TMD nussion includes protection of popu-
lation centers, fixed civilian and mulitary assets, and mobile military units.

The mussion need statement also provides a basis for defining the scope of the program in terms of
areas of TMD and the threats to be countered It 1dentifies four areas of TMD frequently called

“pullars”. attack operatlons active defense, passive defense, and Command, Control, Communi-
cations, and Intelligence (C3) The scope of the Ballistic Missile Defense Orgamization (BMDO)
TMD program 1s to focus on active defense and the associated C3L. The mission need statement
defines a theater mussile as “ballistic muss:les, cruise mussiles, and amr-to-surface guided mussiles
whose target 1s withun a theater or whuch is capable of attacking targets in a theater.” Previously,
BMDO has concentrated on the ballistic missile threat while the Services continued to develop
counters to the other theater mussiles.

Two studies have been mitiated to evaluate the integration and overall effectiveness of planned
systems to counter the current and future ballistic missile and cruise missile threats These studies
are' the Theater Defense Nettung Study (TDNS), which was completed in November 1994, and
the Comprehensive TMD Missions and Programs Analysis, which will be compieted by October
1995 The Comprehensive TMD Missions and Programs Analysis includes four related studies.
the TMD Cost and Operational Effectiveness Analysis (COEA), the Technical and Engineering
Commonality Analysis, the TMD Command and Control Plan, and the Threat and Mission Priori-
ties Analysis These analyses are discussed later 1n this plan

2.2 Threat

The Theater Ballistic Missile (TBM) threat has continued to evolve as anticipated and our projec-
tions of this threat, which is reflected imn DIA reference, Proliferation of Weapons of Mass
Destruction(U), PC-16000-31-95, February 1995, remain unchanged. Ballistic mussiles have
been used m six regional conflicts smce 1973 - the most recent of which was the 1994 conflict
between North and South Yemen involving Scud nmussiles armed with conventional weapons. The
1988 Iran-Iraq War of the Cities, Operation Desert Storm, and the recent conflict i Yemen have
demonstrated that ballistic missiles will pose a threat to U.S. and allzed forces and crvilian popula-
tton centers At the beginning of 1994, there were approximately 8,800 short-range (50 - 500
kilometers) theater ballistic missiles in service in 32 countries Thurty new types of TBMs are 1n
development Figure 2-1 summarizes the current TBM threat
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Figure 2-1. Summary Of The Theater Ballistic Missile Threat
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In summary, TBMs are extensively deployed and, because of their low cost and availability, they
are proliferating throughout the world. A wide range of capabihities are available depending upon
the cost a particular nation 1s willing to pay and technologies used. Adding to the complexity of
the threat is the potential availability of various warheads including high explosives, bulk or sub-
mumtions, and weapons of mass destruction — nuclear, biological, and chermcal. The evolving
threat may also employ countermeasures to reduce the effectiveness of Theater Missile Defense
(TMD) systems Thus, the array of TBM threats and their proliferation significanily complicates
the theater missile defense mssion

2.3 Doctrine, Tactics, and Training
2.3.1 Joint Doctrine

The future success of theater mussile defenses will rest on doctrine as well as on new weapon sys-
tems and force structure To view Theater Missile Defense (TMD) as a purely weapons driven
program 1s 10 miss the magnitude of the problems facing the warfighter Issues such as decentral-
ized versus centralized control of TMD assets, the integration of TMD systems within an existng
air defense force structure, and the amount of prepositioned TMD force structure in the theater
will be dormunant themes 1n the comng years
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The Department of Defense Jomt Publication 3-01.5, Doctrine for Jount Theater Missile Defense
defines the activities and performance of the Armed Forces in joint and multinational operations
It provides guidance for combatant commanders and other joint force commanders, and pre-
scribes doctrine for jont operations and traiung Based on thus doctrine, the Joint Staff (J-36) is
promulgating a joint TMD Concept of Operations (CONOPS) to provide gudance to the Com-
mander In Chiefs (CINCs) and encourage commonality of equipment and operational procedures
The guidance provided in the new doctrine 1ncludes:

* Cruise missiles are included 1n the scope of theater rmussile defense;

+ TMD 1s recognized as a joint-Service and multinational mussion requiring the integra-
tion of all Service and host nation systems;

« TMD systems must be easily transportable and mobile for rapid emplacement and
relocation 1n order to be effective across the entire range of military operations;

» No single system or technology can counter the entire spectrum of the theater mussile
threat;

« TMD systems must integrate with the existing command and control architecture. This
provision has far-reachuing implications for both TMD concepts and the existung air
defense structure that will incorporate dual purpose systems

The Commanders-m-Chuef (CINC) Assessment Program 1s exploring the 1ssues of command,
control, and force mteroperability addressed in the new TMD doctrine This program 1s discussed
m more detail 1n paragraph 2.8.5

Logistics and asset prepositioning will continue to be a major concern to theater commanders
With changes in doctrine and the international security environment, the U S has moved from a
force structure that was largely forward based to one that 1s largely based in the Continental
United States (CONUS). These CONUS based assets must be deployed to regional theaters as
needed to support the operational commanders. The need to mobilize and transport large mvento-
ries of personitel and equipment will stress air, land and sea lift capabilities 1n comung years Pri-
oritizing assets for transport 1n the crucial first days of an overseas campaign will present a critical
challenge During the Gulf War, our TMD forces were already mn place, trained and integrated
into the joint force structure when the first enemy mmssiles were launched Future campaigns wall
not likely be conducted under such favorable circumstances In fact, an enemy may choose to
expend the majority of his theater mussiles well before our TMD assets can arrive on the scene.
The major problem, then, 1s how much force structure we can preposition and where TMD forces
should be programmed nto an already overburdened air and sealift system

The following paragraphs present the Army, Navy, and Air Force doctrine, tactics, trainmg, and
force structure for theater massile defense operations

2.3.2 Army Doctrine

The role of Army TMD 1s to support the national military strategy of defense from theater russile
attacks by protecting the force, conducting precision strikes, and dominating the maneuver battle-
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field. In fulfilling this role, virtually all operational scenarios envision the deployment of Army
TMD forces as part of joint forces. Army TMD provides theater CINCs with the ability to protect
forces, whether they are ground maneuver units, air bases, or naval port facilities, from the threat
of theater missiles. The Army does this in two ways. First, by destroying enemy rmussiles 1n flight
(active defense) and, second, by conducting precision strikes against opposing missie launch
capabilities (attack operations).

Evolving Army TMD docirine calls for a highly capable and robust ground based defense that 1s
rapidly deployable and sustainable 1n contingency theaters to support force projection operations.
Army TMD doctrine will comncide with TMD jomnt doctrine and operational principles described
in Joint Publication 3-01.5, Doctrine for Joint Theater Missile Defense. Army Field Manual, FM
100-5, Operations, the authoritative foundation for subordinate Army docirtne, recognizes that the
threat to friendly forces has grown due to weapons of mass destruction and the proliferation of
russile technology. In defining the requirement for force protection mn each phase of an operation,
FM 100-5 calls for a greater role for theater mussile defense as an enabler for the generation of
combat power. An active TMD operational concept published by the U.S Army Traning and
Doctrine Command (TRADOQC) as a precursor to more weapon specific doctrine, describes how a
PATRIOT and Theater High Altitude Area Defense (THAAD) task force will operate to provide a
near leak proof, two tiered defense of critical assets within a theater Specific “how to fight” tac-
tics are emeiging with evolving doctrine from lessons learned 1n the Gulf War and from ongoing
war gamung and analysis efforts, including the current TRADOC TMD Advanced Warfighting
Experiment The Medwm Extended Air Defense System (MEADS) program is mtended to sat-
1sfy the operational requirements for a corps area air/mussile defense capability that will provide
protection to maneuver forces from attack by both ballistic missiles and cruise mussiles Doctrine
and tactics for this program, which replaces Corps SAM, will mature with system definstion.

Steps to increase leader and soldier profictency in TMD will include incorporating the theater
missile threat and TMD responses into all levels of training and service school programs of
mstruction, and capturing and understanding the lessons learned from recent combat experience.
TMD will be 1ntegral to the live field training exercises at the combat traming centers and to the
Battle Comrnand Training Program, a training tool for corps and division commanders that uses
constructive stmulation and situational scenarios to execute large unit operations.

2.3.3 Navy Doctrine

The new security environment emphastzes the need for naval forces that can operate 1n any Iit-
toral (coastal area) theater, in any mussion, to provide a forward presence and initial capability
when no other assets exist and, f necessary, to participate mn joint expeditionary warfighting.
Accordingly, the Navy's role in the post Cold War era has become prompt and sustamed combat
operations that are not so much “on the sea™ as “from the sea.”

The mherent mobility of naval forces and their capabulity for mtegrated warfighting make them an
important foundation for CINC contingency planning and phased response to regional crises.
Navy TMD systems will be capable of creating an immediate defensive umbrella agaunst all
threats to expeditionary forces as they assemble and move from the sea to the shore. If forced
entry is requuired, the Navy's role will be to provide highty survivable active defense, comple-
mented by attack operations against enemy nussile sites and other key targets Where immediate
command and control of air and TMD 1s required, the Navy may be assigned duties as the Joint
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Force Airr Component Commander (JFACC) by the Joint Force Commander As joint forces con-
tinue to buld and begin to move nland, the Navy's role will expand to include managing and
defending the logistics train, as well as extending the reach of attack operations At that time,
JFACC responsibilities may move from being a JFACC afloat to a JEACC ashore.

Command and control 1ssues are being updated 1n operational doctrine and CONOPS at the tram-
ing commands. The revised CONOPS will be incorporated m shore and sea based traming.
Within a theater-level archutectural perspective, all functional areas, from mtelligence and surveil-
lance to post engagement assessment, are being scrutinized for optimum effectiveness in jomt
operations. Operational demonstrations and experiments are used to vertfy progress in system
engineering and doctrine evolution. At present, selected fleet units are practicing key areas of
TMD tactics and procedures and the results will be incorporated i formal training and readiness
exercises in the future.

2.3.4 Air Force Doctrine

The Department of Defense (DoD) designated the Air Force the Executive Agent for Theater Air
Defense Battle Management/Command, Control, Communications, Computers, and Intelligence
(BM/C Dina memorandurn signed by the Assistant Secretary of Defense for Command, Control
Communications And Intelhigence (CD) dated July 8, 1994 As the Executive Agent, the Aur
Force is responsible for constructing a theater air defense BM/C*I architecture that wall provide
the CINCs a flexible system to manage active defense agamnst both arrcraft and theater missales.
Requirements for TMD BM/C 41 are being coordmated w1th AF/TAA, which 1s the office desig-
nated by the Secretary of the Air Force as the USAF Executive Agent for Theater Air Defense.

The Auar Force plays several vital roles in providing a TMD capabihity to the theater CINCs. Start-
g with mussile detection and warning, the Air Force is meeting the Theater Ballistic Missile
(TBM) challenge by integrating a mux of mutually supportive passive defense, active defense,
attack operations, and battle management command, control, communications, and intelligence
systems. The Awr Force contributes to the campaign through tactical mussile waming, cuemng
ground based forces, attack operations, offensive and defensive counter-air, and arr interdiction
capabilities. When the Air Force is assigned duties as the JFACC, it will plan and mamtain visi-
bility on the theater-wide attack operations effort

Theater air defense criteria include detecting, 1dentifying, tracking, intercepting, and destroying
enemy aircraft, cruise mussiles and theater ballistic misstles, and their assoctated support infra-
structure. The compressed command and control time mherent tn theater mussile operations
requires smproved sensor target detection, tracking and identfication capabilities, a joint battle
management/command, control and communications archutecture that mcludes decision aides,
and streamlined execution of command and control functions The connectivity between Services
must allow for multiple engagements, integrated targeting, and flexible response options to negate
the TBM threat Procedures and training must be established prior to the start of a theater conflict
to ensure the greatest efficiency of a multilayered TMD capability The theater missile threat
requires TMD weapon systems to be capable of near real-time discrimination, engagement deci-
sions, and coordmation w1th other Services’ systems. For attack operations and boost phase inter-
ception, the TMD BM/C’1 must perform near real-time target 1dentification, retargeting, and inter-
Service engagement planning  Attacking mobile targets withm munutes and seconds must be the
norm and requires full integration of all assets
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2.3.5 Marine Corps Doctrine

While the Marme Corps does not yet have a formal TMD doctrine, program mmprovements and
capability upgrades of the HAWK mussile system and the AN/TPS-59 radar both on the joint and
service levels are rapidly dnving doctrine and archutecture development. Marine Corps need for
TMD capability was outlined 1n therr 1992 TMD Mission Need Statement. Therr current weap-
ons systems will continue to be upgraded as doctrine evolves and 1s mcorporated mnto current anti-
air warfare programs. Cument Marine Corps philosophy is to plan for the detection and
engagement of theater missiles within ther current doctrine for air defense; joint TMD operations
will be conducted with umts operating with the Marine Airr Ground Task Force (MAGTF). The
Marine Corps also provide for attack operations

In addition to the HAWK mussile system, the Marine Corps has expressed an interest in Corps
SAM. In a joint memorandum of agreement signed by the Vice Chief of Staff of the Army and the
Assistant Commandant of the Marme Corps, the requirement and need for Corps SAM by the
Marine Corps was 1dentified.

2.4 Force Structure
2.4.1 Army

Army planned active defense force structure consists of PATRIOT, Theater High Alutude Area
Defense (THAAD), and Medium Extended Air Defense System (MEADS) (formerly Corps
SAM) forces along with Joint Tactical Ground Stations (JTAGS). Currently, the programmed
PATRIOT force includes 88 fining batienies (or fire units). Of these, 44 comprise the nine opera-
tional PATRIOT battalons, four more are being prepared for transfer to the National Guard, and
an additional six are being used for Southwest Asia rotation The remaining fire units are either
manned by German forces or are used for training and mamtenance support. One of the mine
operational battalions has been sent to South Korea to support U.S forces there The PATRIOT
force will begin upgrading to the PATRIOT Advanced Capability Level-3 (PAC-3) configuration
begimning in FY 1998.

Two THAAD battalions, each with four finng battertes, will be fielded early 1n the next decade.
The THAAD program will also deliver a functional, developmental prototype system at the end of
its Demonstration/Validation (Dem/Val) phase Thus system, referred to as the THAAD User
Operational Evaluation System (UOES), will be used for Engineering and Manufacturing Devel-
opment (EMD) phase testing and will provide the means for early traiming. In the event of a
national emergency 1in FY 1997 or later, the UOES could become a deployable prototype system
Thus system will be based at Fort Bliss, Texas and could be rapidly inserted into any theater using
current military transport arcraft

The MEADS program {formerly Corps SAM) 1s a multilateral international cooperative program
to develop a medium air and nussile defense system The system will support force projection
operations from early entry to decisive operations.

Frve Joint Tactical Ground Station (JTAGS) units will be fielded starting 1n FY 1996 to provide
1n-theater processing of Defense Support Program (DSP) data for warning, alerting, and cueing of
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Theater Ballistic Missile (TBM) launches. The JTAGS units will be deployed in pairs during
wartime or contingency operations to ensure availability on a continuous basis. The current plan
1s to forward deploy one sechion of each detachment during peacetime The FTAGS 15 the n-the-
ater element of the United States Space Command (USSPACECOM) Tactical Event System.

The Army force structure includes attack helicopters and the Army Tactical Missile System
(ATACMS) which support the jont attack operating pillar.

2.4.2 Navy

The Navy Theater Ballistic Missile Defense (TBMD) program 1s based on evolving the capabili-
ties of the AEGIS weapon system to support increasing intercept capability against TBMs The
first stage of thus evolving capability 1s called the Navy Area TBMD program. During this stage
the AEGIS combat system will be modified to support TBMD and the STANDARD Missile-2
will be modified to the Block IVA TBMD configuration Ths area defense program will provide
a lower tier or endoatmospheric intercept capability The second evolutionary stage of the Navy
program will build on the AEGIS combat system area defense and develop an exoatmospheric (or
upper tter) mterceptor to provide theater-wide capability. TBMD capabihity upgrades will be fully
mtegrated with the AEGIS multi-mission capability 1n all four pillars of Theater Missile Defense
(TMD) The Navy will also work with the Air Force to develop a boost phase intercept capability
as described below

The Navy plans to achieve a sea based area theater balhistic mussile defense contingency capabil-
1ty in 1998 with a User Operational Evoluation System (UOES) on at least one AEGIS ship The
test and evaluation of the UOES in conjunction with testing at shore engineering support activities
will provade significant opportunity for further development and vahdation of doctrine and tactics
in both Navy and joint environments.

The Navy force structure also includes aircraft and ship launched weapons with attendant Battle
Management/Command, Control, Communucations, Computers and Intelligence (BM/C*I) which
support the joint attack operating pillar

2.4.3 Air Force

The Aur Force, 1n concert with the component commanders and in accordance with Joint Publica-
tion 3-01.5, will focus on attacking theater rmssiles in the boost phase after launch or while on the
ground through attack operations on enemy nussile sites and launchers, and on disrupting the ene-
my's nussile operations with an appropriate balance of joint assets. Space support and theater
sensor data must meet reduced time hines, with more accurate target detection, wdentification and
tracking data for TBM targets 1n the air or on the ground. Active defense mn the terminal phase
and passive defense enable the Joint Task Force to mitigate the destructive potential of theater bai-
listic missiles that are not destroyed by counterforce and boost phase interceptors,

The Air Force theater structure that will support TMD will primarily be performed with Theater
Axr Control System (TACS) elements that have been enhanced to meet stringent TMD requure-
ments These TACS elements mclude Air Operations Center, Control and Reporting Center, A1r-
borne Warmnmg And Control Systems (AWACS), and Jomt Strategic Tactical Airborne Range
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System (STARS) to provide BM/CAI for the other pillars In addition, the Air Force TMD support
includes airborne weapons in support of active defense through boost phase mtercepts, and E-16s
supporting attack operations by engaging threat missile launching systems on the ground.

The Air Force also 1s responsible for space based launch detection and warning of TBMs. Cur-
rently space based ballistic mussile launch detection 1s accomplished by Defense Support Program
(DSP) satellites. Fixed and mobile DSP data processing centers transmit launch detection and
missile parameter information to the Combat Operations Center at Cheyenne Mountan, Colo-
rado. This information is then evaluated and forwarded to end users such as the National Military
Command Center and U.S forces worldwide. DSP data can also be processed directly 1n the the-
ater for tactical application and processing by other systemns.

2.4.4 Marine Corps

Marne Corps active defense force structure has an evolving TMD capability through modifica-
tion and upgrade of current weapons systems. Initial operating capability will provide TMD
detection and engagement in FY 1996-1997, A full operational capability with improved com-
mand and control will be fielded 1n FY 1999-2000.

Marine TMD active defense force structure consists of the followmng elements

* Tactical Air Command Center’ (TACC). The battle management and c? element;
recetves, processes and transmuts TBM/arrcraft targeting information to other elements
via digital data communications,

» Tactical Air Operations Module (TAOM). Provides TBM target data to the weapons
elements via digital data,

« AN/TPS-59 Radar. Provides surveillance, early warning and weapons cueing for the
MAGTF. The upgraded version will detect, track and process TBM targets for the
TAOM;

* An Defense Communications Platform (ADCP) Provides a communicaiions inter-
face from the TPS-59 radar, Tactical Air Operations Center (TAOC) or Joint Tacuical
Information Distribution System (JTIDS)/Tactical Data Information Link-J (TADIL-J)
data network to the HAWK mussile system;

*  HAWK mussile. Acquires, tracks and engages short-range TBM targets.

Marine Corp air capabality will also provide attack operations wn concert with the other services

2.4.5 Joint Force Structure
2.4.5.1 Joint Theater Missile Warning Operations

The joint nature of TMD operations 1s highly evident in the mussile detectton and warning struc-
ture set up to support the theater CINCs After the Gulf War, all the Services recognized the need
to mmprove rmissile threat warning to their deployed forces. This need resulted 1n the creation of
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three complementary systems to process tactical warming data quackly in the theater and with
improved accuracy. Each of the new systems combines mnputs from two or more DSP satellites
(“stereo” DSP data) with other sources (e.g., national sensors, radar, intelligence) to refine launch
point and nussile trajectory. The Tactical Surveillance Demonstration (TSD) was developed
cooperauvely by the U.S. Army and the U S. Navy 1 1991-92 to do stereo DSP processing. This
resulted in a mobile prototype called the Tactical Surveillance Demonstration Enhancement
(TSDE), which has been demonstrated successfully in several theaters.

Based on results of TSDE, the JTAGS program was imtiated by the Army. JTAGS 15 a joint imter-
est Army-Navy program for in theater DSP which will be fielded in FY 1996. In addition to sup-
porting TMD operations, JTAGS will produce and distribute information concerning certain
aircraft and selected static infrared events for air defense and other applhications such as battle
damage assessment

Using TSDE as a starting point, the Air Force developed a prototype for U.S.-based stereo DSP
processing, called TALON SHIELD. The fielded capability for TALON SHIELD is designated
Attack and Launch Early Reporting To Theater (ALLERT) and provides theater commanders with
continuous, accurate launch warming and tracking data A Navy demonstration of related technol-
ogy, begun as Radiant Ivory, will become operational in FY 1995 as TACDAR (Tactical Data and
Related Applications).

Active defense units will use mussile position information to cue radars searching for TBMs 1n
flight. Warning information from space based sensors will also be used including launch point
and launch time, predicted ground impact point and mmpact time, missile type, and state vector
Missile position information will improve reaction time and extend the effective battie space of
active defense weapon systems. Active defense army umits (PATRIOT battalions and THAAD
batteries) will recerve ALERT/JTAGS data via the Tactical Information Broadcast Service (TIBS)
and the jomnt communications (TADIL.-J) net directly at brigade and battalion Tactical Operations
Centers (TOCs) Navy units will also recerve early earning information via Link 11/16, TIBS, or
other broadcast paths. The battahion wall pass the information to the fire unit (battery) level to -
tiate radar search and engagement sequence as appropriate.

Attack operations umts will use JTAGS produced launch pomnt and launch time information to
plan and execute offensive missions (e g , air strikes, fire mussions) agamst TBM launchers and
infrastructure, Army attack operations units equipped with TIBS receivers will receive their infor-
mation directly from JTAGS. TIBS recervers will be employed at corps, division, and brigade fire
support elements and attack aviation battahon TOCs An antictpated application of JTAGS infor-
mation 1s to cue Jomnt STARS or other theater sensors with launch point and launch time informa-
tion. This information may enable these sensors to acquire and track a TBM launcher back to a
hidden reloading point, and then pass this new location to attack operations units

Passive defense warning information will provide launch azrmuth, predicted ground 1mpact point,
and predicted mmpact time for selective redistribution. Elements will recerve cueing information
directly via JTAGS and indirectly via ALERT Recipients of voice warning messages recerved
directly from the ALERT/JTAGS are expected to retransmit these wamings, filtered to areas of
interest when and where possible, to all lower echelons via their own organic networks and sys-
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tems Although warnings by voice messages are expected to predominate 1n the passive defense
arena, some units may also receive data messages and initiate internal warning procedures based
on that information

2.4.5.2 Joint TMD Operations

A combmatmn of active defense, attack operations and passive defense, all fully integrated by a
jomt C3I architecture, is needed to meet TMD performance requurements Joint TMD will depend
on the coordinated sequential execution of a wide spectrum of tasks by widely dispersed Service
and allied elements. The key to successful execution of this complex system will be jomnt plan-
ning, traming, communications, and procedures. Intelligence preparation of the battle space, as
well as logistics and geographical concerns must be addressed prior to system deployments

2,5 TMD Active Defense Framework

The 1993 Theater Missile Defense Initiative (TMDI) Report to Congress presented a framework
and architecture developed from operational and technical attributes Balhistic Missile Defense
Orgamization (BMDO) continuously evaluates the Theater Missile Defense (TMD) mussion,
threat characteristics, and doctrine and updates the mission drivers and destred TMD performance
characteristics. This continuous process ensures that the framework and architecture meet the
TMD system requirements. We modified the framework i FY 1994 to respond to the evolving
doctrine. The framework has not changed for FY 1995 The primary conclusion, “a single
weapon system cannot meet the entire TMD mussion,” remains valid. Figure 2-2 shows the TMD
mission and resultant mmssion drivers

Figure 2-2. TMD Mission Drivers
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The mission dnivers are used to 1dentify the key performance characteristics of the TMD system
Figure 2-3 shows the resultant performance characteristics
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Figure 2-3. The TMD Performance Characteristics
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An examination of these characterstics leads to the conclusion that upper and lower uer TMD
systems consisting of land, sea, and air forces provide the most effective framework for TMD
which is shown 1n Figure 2-4.

As indicated, Battle Management/Command, Control and Communications (BM/C3) remanns the
critical element that ties the other elements together.

2.6 Acquisition Strategy

The Theater Missile Defense (TMD) acquisition strategy has not changed and 1s still described as
three phases. The first phase consists of the aggressive pursuit of near term improvements by
enhancing existing systems using low risk, low cost, and quick reaction programs while simulia-
neously developing and refining TMD concepts of operation and tactics. The second phase
employs a prudent acquisition approach to provide a significant core TMD capability. This core
capabulity consists of land based defenses to protect critical assets and to provide theater-wide
protection The core capability also includes a sea based defense to protect U.S and friendly
forces 1n ports and littoral areas and to support forced entry A critical element of the core pro-
gram 1s to estabhsh an effective and jomt Battle Management/Command, Control and Communi-
cations (BM/C?) architecture In the final phase, advanced concept technology demonstrations
and other nisk reduction activities are used to develop capabilities that complement the core pro-
gram with the emphasis on affordability and new technologies These future capabilities are
called “advanced concepts ” The TMD acquisition strategy includes the operational employment

oram will e €mpnasls 0n J4llo0TddDllly dild 0ew eCInvIOgRIesS 11I05C LULUIE CApdDUILSD s

2-11



Theater Missile Defense Master Plan

Figure 2-4. TMD Active Defense Framework
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of systems developed during the Demonstration/Validation (Dem/Val) and Engimeering and Man-
ufacturing Development (EMD) phases of the acquisition process These User Operational Eval-
uation Systems (JOESs) serve four purposes. (1) mfluence the engineermg and manufacturing
development program by getting users mvolved early; (2) provide systems for testing, evaluating,
and training as part of the normal acquisition process, (3) refine operational doctrine and orgam-
zational structures; and (4) provide a conungency defense capability should the need anise in an
emergency prior to production and deployment The acquisition programs for Theater High Alti-
tude Area Defense (THAAD) and Navy Area Theater Ballistic Missile Defense (TBMD) mclude

provisions for UQESs

2.7 Master Schedule

Figure 2-5 shows the master schedule for the Theater Missile Defense (TMD) Key mulestones
are the availability of the User Operational Evaluation Systems (UOESs) for the core program
(THAAD and Navy Area TBMD), the mitial fielding of PATRIOT Advanced Capability Level-3
(PAC-3), the nitial fielding of Theater High Altitude Arca Defense (THAAD) and Navy Area
Theater Ballistic Missile Defense (TBMD), and the imtiation of a major acquisition program for
one of the Advanced Concepts Note that the Near term Improvements program 1s continuously

upgrading fielded systems
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Figure 2-5. TMD Active Defense Master Schedule
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2.8 Near Term Improvements

Near term 1mprovements increase existing Theater Missile Defense (TMD) acuve defense capa-
bilittes until the core programs are available at the end of the decade Included are: PATRIOT
Advanced Capability Level-2 (PAC-2) upgrades, TPS-59 radar and HAWK modifications, launch
detection improvements, sensor cueing upgrades, and the Commander m Chiefs (CINCs’)
Assessment Program

2.8.1 PATRIOT Anti-Tactical Missile Capability

The baseline for PATRIOT 1s PAC-2 Near term upgrades include the Quick Reaction Program
(QRP) and a Guidance Enhancement Missile (GEM) improvement These upgrades will be fol-
lowed by a series of upgrades under the PATRIOT Advanced Capability Level-3 Program (PAC-
3)
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PATRIOT is an air defense gmided mussile system designed to cope with the air defense threat of
the 1990s. The threat 1s charactenzed by defense suppression tactics using saturation, maneuver,
and electromuc countermeasures The principal element of the PATRIOT organization 1s the bat-
talion, which consists of up to six firing batteries. Battalions normally deploy at echelons above
the corps and as part of the corps air defense artillery brigade. The PATRIOT battery, also
referred to as a fire unat, 1s the smallest element capable of engagement operations. The PATRIOT
firing battery, shown in Fagure 2-6, includes the fire control section and normally eight Launching
Stations (LS) although a battery has the capability to control up to 16 launching stations. The fire
control section consists of a Radar Set (RS), Engagement Control Station (ECS), Antenna Mast
Group (AMG), and Electric Power Plant (EPP).

Figure 2-6, PATRIOT Firing Battery

i
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The PATRIOT Quick Reaction Program (QRP), wnstituted 1n 1991-1992, was designed to identify
and quickly field improvements to correct Desert Storm shortcomungs It mcludes emplacement
upgrades for rapid, accurate fire umit emplacement, a capability to control launchers located up to
10 km from the radar, and radar enhancements to improve Theater Ballistic Missile (TBM) detec-
tion and increase system survivability The QRP configuration of PATRIOT 1s aiready operational
and 1s deployed 1n Saudi Arabia

The Guidance Enhancement Missile (GEM), a companion program to the QRP, includes engi-
neering (mprovements to the PAC-2 mussile to mmprove effectiveness and lethality, especially
agamst the Desert Storm class of TBM threats Limuted quantities of GEMs will be fielded n

e e e e s e N —— 3 T —— e

neering improvements to the PAC-2 mussile to mmprove effectiveness and lethality, especially
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1995 and a total quantity of 345 (180 new and 165 retrofitted) mussiles will be procured by the end
of FY 1996

FY 1994 efforts included the following accomplishments:
* Continued fielding QRP battalions,
* 39 of 116 radar kits delivered;
* 236 of 553 launcher modification kits delivered;
e Conducted one mussile flight test;

¢ Conducted GEM production review

Work planned for FY 1995 includes
* Complete QRP fielding;
* Complete final GEM flight test,
¢ Begin delivery of GEM mussiles.

Work planned for FY 1996 includes
» Continue delivery of GEM missiles

2.8.2 TPS-59 Radar and HAWK Modifications

TPS-59 radar and HAWK weapon system improvements will provide a TMD capability for U.S.
Marine Corps operations This Marine Corps TMD initiative is jointly funded with Ballistic Mis-
stle Defense Organization (BMDQO) and will yield a low risk, near term capability for expedition-
ary forces against short-range ballistic mussiles The program consists of modifying the TPS-59
long-range air surveillance radar and the HAWK weapon system to allow detection, tracking, and
engagement of short-range TBMs. The program will also provide a communications nterface by
developmg an Aur Defense Communications Platform (ADCP)

Modifications to the TMD mode of the TPS-59 radar, summarized in Figure 2-7, will result 1n
TBM target detection ranges out to 400 nautical miles and 500,000 feet mn altitude. Technieal,
developmental, and operational testing is scheduled for FY 1996 with first umts equipped 1n early
FY 1997,

The HAWK weapon system modifications include upgrades to the battery command post and
improvements to the HAWK mussile that will result 1in an “improved lethality mussile ” The modi-
fied IAWK battery command post will process cueing data to control the high-power illurminator
radar The improved lethality mussile will tncorporate fuse and warhead improvements
Improved lethality missiles have been transferred from the Army to the Marine Corps and addi-
tronal mussiles will be procured by the end of FY 1996 Production of the battery command post
modification kits will begin 1n FY 1995 The 1nstallation of all battery command post modifica-
tions will be completed by the end of FY 1996

T T T T T T T T oo - - o
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Figure 2-7. TPS-59 Radar And HAWK
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The ADCP will convert TPS-59 data messages and Tactical Data Information Link-J (TADIL-])
formatted messages into the mtra-battery data link formats required by the HAWK weapon sys-
tem The ADCP will also transmit TADIL-J formatted messages to other theater sensors. Thus

communications interface 1s currently in development and mmtial production will begmn in FY
1996

A major accomplishment in FY 1994 was the integrated test of the HAWK TMD capability which
verified the operation of the AN/TPS-59, data link, battery command post, and umproved lethahity
missile Two Lance missiles were successfully mtercepted and destroyed by the improved lethal-
ity misstle duning this test.

FY 1994 efforts included the following accomplishments:
+  Approved AN/TPS-59 baseline design,

* Approved ADCP baselne design;

* Conducted first integrated test of HAWK TMD capability verifying the operation of
the AN/TPS-59, data link, battery command post, and improved lethahity nmussile
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Work planned for FY 1995 mncludes:
»  Complete AN/TPS-59 system integration effort,
» Initiate AN/TPS-59 contractor's developmental tests;

* Imtiate ADCP integration and testing.

Work planned for FY 1996 includes:

¢ Complete mtegration and testing of AN/TPS-59, the ADCP, and the HAWK system
modifications;

* Begin production of the AN/TPS-59 modification and the ADCP;

* Complete HAWK battery command post modification kit production and installation.

2.8.3 Launch Detection

Launch detection improvements address shortcomings from Desert Storm  These mmprovements
provide earlier targeting opportunities for active defense elements and earlier warning for passive
defense. Counterforce strikes may also benefit from better launch pownt estimates The comple-
mentary programs that provide these improvements are the Air Force’s Attack and Launch Early
Reporting to Theater (ALERT) program, the Navy’s Tactical Detection and Reporting {TACDAR)
program, and the Army-Navy sponsored Joint Tactical Ground Station (JTAGS) program. The
three programs complement each other in that they draw from various intelligence sources, they
provide continuty of operations, they allow access to alternate warning networks, and they can
share coverage responsibilities. The complementary capabilities of these programs are integrated
within the United States Space Command (USSPACECOM) Tactical Event System (TES). TES
will meet the TMD requirements for launch detection and warning as tactical processors mature
from demonstrations to full operational capability.

These launch detection programs will interface with the Tactical and Related Applications
(TRAP) Data Dissemination System (TDDS), Tactical Information Broadcast Service (TIBS),
and other tactical data networks to provide a robust capability for all Service users. TALON
SHIELD 1s a BMDO sponsored data fusion program that processes multi-sensor Defense Support
Program (DSP) and classified sensor data at a central location at Falcon AFB, Colorado The m:-
tial operational capability for TALON SHIELD 1s designated ALERT and provides theater com-
manders with continuous, accurate launch warning and tracking data TACDAR processes
classified data from a umque sensor It also provides the data to TALON SHIELD for fusion with
data from other sensor assets The JTAGS program 1s a tactical transportable stereo DSP ground
station for use in theater JTAGS processes DSP sensor data from up to three DSP sources The
JTAGS program utilizes ruggedized hardware and software developed by the Tactical Surveil-
lance Demonstration (TSD) and the BMDO, Army and Navy sponsored Tactical Survetllance
Demonstraunon Enhancement (TSDE) programs

Technology demonstrations and operational testing will continue throughout FY 1995. Signifi-
cant ALERT tests include demonstration of multiple satellite data fusion agamnst cooperative
launches and targets of opportunity The Army will conduct JTAGS Engineering and Manufactur-

, 21
launches and targets of opportunity The Army will conduct JTAGS Engmeering and Manufactur- 7
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ing Development (EMD) phase technical and operational tests during FY 1995 The Air Force
will conduct technology demonstrations for the Space and Muissile Tracking System (SMTS)
flight dernomstration system and continue development dunng FY 1995.

FY 1994 efforts included the following accomplishments

¢ Completed TALON SHIELD/ALERT developmental tests with DSP data and began
TALON SHIELD/ALERT operations,

* Reported tactical ballistic missile launches in Yemen, Korea, and other locations. Pro-
vided rapid, accurate launch pomnt and unpact point estimates and tracking data to
operational commands via Jomnt Tactical Information Distribution System (JTIDS);

» Deployed the JTAGS transportabie prototype outside of the continental U.S. in support
of contingency operations;

* Began the EMD phase of JTAGS by successful completion of Milestone II (MS II)
and award of the EMD contract.

Work planned for FY 1995 mcludes
* Expand ALERT capabilities to fuse classified sensor data with DSP sensor data;
* Demonstrate improved ALERT launch point and impact point estimation;

*  Procure two JTAGS engineering and manufacturing development units and conduct
developmental and operational testing.

Work planned for FY 1996 includes:
* Complete integration of a classified suite of surveillance sensors,
« Demonstrate improved data fusion from muluple satellite sensors,
*  Fleld JTAGS umts.

2.8.4 Sensor Cueing

Sensor cueing enhances the detection of targets by fire control radar systems. This enhancement
results from reduced radar loading and extended target acquisition range. Radar loading 1s
reduced during TBM detection and tracking by decreasing the radar's search volume Extending
the target acquisition range elimunates the radar as the lirmting factor 1n defended area footprints
This 1ncrease in range 1s particularly mmportant 1n non-benign environments, i ., multi-target,
electronic countermeasures, and inclement weather Additionally, improved beam scheduling pro-
vides target acquisition 1n non-benign environments while reducing the system's vulnerability to
saturation razds and to anti-radiation missiles.

Sensor cueing efforts include tactical cueing and netting demonstrations TMD weapons systems,
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such as PATRIOT or Theater High Altitude Air Defense (THAAD), are cued by tactical systems
and sensors such as JTAGS, AEGIS SPY-1 radar, or TPS-59 Other sensor efforts include tactical
processing and application of space sensor data in the TALON SHIELD project and airborne sen-
sor technology development Sensor cueing efforts will provide operational PATRIOT cuemng
software during FY 1996.

The Extended Awrborne Global Launch Evatuator (EAGLE) will provide the capability to acquure
and track theater ballistic mussiles during the late boost and mudcourse phase. EAGLE is a com-
bined nfrared and laser system designed to detect and track balhistic mussiles durtng boost and
post boost phases. Infrared detections will cue the laser tracking system and on board processors
will compute launch pont estimates, tmpact pownt prediction, and threat position and velocity
messages for transmussion via a jomt data link to command and control and fire control centers.
The EAGLE Program will enter Demonstration and Validation (Dem/Val) i FY 1995 with the
goal of flying a prototype in FY 1997.

FY 1994 efforts included the following accomplishmenis:
* Developed tactical cueing program plan;

* Defined EAGLE operational requirements.

Work planned for FY 1995 includes:
¢ Conduct JTAGS tactical cueing demonstration,

* Award contract for EAGLE prototype sensor design, development, fabrication, inte-
gration, installation, test and evaluation, and demonstration aboard an Air Force Air-
borne Warning and Control System (AWACS) test aircraft;

* Negotiate EAGLE foreign parficipation

Work planned for FY 1996 includes:

* Conduct EAGLE component and subsystem ground and awrborne techmcal develop-
ment and acceptance testing,

* Conduct EAGLE analysis, simulation, and Hardware-In-The-Loop (HITL) tests;
e Conduct PATRIOT/JITAGS operational cueing demonstration

2.8.5 Commander In Chiefs’ (CINCs') Assessment Program

The CINCs' TMD Assessment Program enhances the commumcation between BMDO as the
developer and the war fighting CINC as the ultumate user of TMD systems. It provides a vehicle
for the CINC:s to assess their TMD capabilities and shortfalls so that they may refine and articu-
late their TMD requirements Additionally, this program furthers the refinement of TMD con-
cepts of operation and doctrine as part of the CINCs and Joint Staff overall theater operations
plans

plans
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Annually, representatives from the CINC staffs participate in a workshop where developers and
the doctrine community brief the latest developments n their respective areas The CINCs then
develop prionitized goals based upon their past TMD experience and promusing new technological
and doctrinal developments. Working with BMDO, these goals are then translated into an assess-
ment plan for the succeeding two years The assessments are overlaid on established CINC spon-
sored exercises to ensure that the TMD capabilities are evaluated 1n the context of a full spectrum
of jomt force operations.

The assessments provide operational data directly to the developer, assist the CINCs in updating
their integrated priority list and operational requirements document, and permut the formulation of
lessons learned that are entered in the Joint Lessons Learned data base mamntamed by the Joint
Staff These lessons learned support development and refinement of TMD concepts of operation
and jomt and Service doctrine.

The purposes of the CINCs’ TMD Assessment Program are:
* Improve current TMD capabilities;
* Explore new concepts and technology;
¢ Collect operational data;
¢ Make TMD part of everyday operations;

+ Capture lessons learned to modify and develop operational requirements docurnents
and doctrinal publications,

» Test Command, Control, Communications and Intelligence (CSI) capabilities, proce-
duares, and interoperability

FY 1994 efforts included the following accomplishments

* Supported United States European Command (USEUCOM) joint project Optic Nee-
dle, United States Central Command (USCENTCOM) jomnt project Optic Cobra, and
United States Forces Korea (USFK) joint project Ornate Impact mclucding GLOBAL
94,

* Supported Kutty Hawk Battle Group TMD exercise, and United States Atlantic Com-
mand (USACOM) TMD exercise with the EISENHOWER Battle Group.

Work planned for FY 1995 includes.

» Support USEUCOM jomnt project Optic Needle, USCENTCOM joint project Optic
Cobra, and USFK joint project Ornate Impact,

¢ Support USACOM TMD exercises,

* Conduct theater and strategic war gaming, imncluding GLOBAL 95.
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Work planned for FY 1996 includes:

*  Support USEUCOM joint project Optic Needle, USCENTCOM joint project Optic
Cobra, and USFK joint project Ornate Impact,

*  Support USACOM TMD exercises and United States Pacific Commmand (USPACOM)
TMD exercises;

* Conduct theater and strategic war gaming, including GLOBAL 96

2.9 Core Programs

The three core programs are: PATRIOT Advanced Capability Level-3 (PAC-3), the Theater High
Altitude Area Defense (THAAD) system, and Navy Area Theater Ballistic Missile Defense
(TBMD). The PAC-3 includes a new, highly lethal, Hit-To-Kill (HTK) interceptor and improve-
ments in radar capability The THAAD system, which includes the Theater Missile Defense-
Ground based Radar (TMD-GBRY), also incorporates a HTK mussile and adds a capability agaimst
longer range threats. This upper tier capability provides wide area protection of highly dispersed
assets and allows multiple engagements of each target ensuring less leakage Navy Area TBMD
mcludes improvements to the AEGIS combat system SPY-1 radar, the weapon control system,
and the command and direction system. It also adds a Theater Ballistic Missile (TBM) capability
to the STANDARD nussile through the use of a blast fragmentation warhead that 1s expected to
be lethal against cruise mssiles as well as the majority of TBMs Navy Area TBMD aids deploy-
ability by providing a global presence, supporting forced entry, and protecting insertion forces
Figure 2-8 shows the core programs inserted into the TMD active defense framework. The fol-
lowmg sections discuss the status of the core programs

2.9.1 PATRIOT Advanced Capability Level-3 (PAC-3)

The PAC-3 program, which will improve the current PATRIOT Advanced Capability Level-2
(PAC-2) system through a series of upgrades to the PATRIOT radar and the selection of Extended
Range Intercept Technology (ERINT) nmussile, will satisfy the PAC-3 requirement to increase sys-
tem battle space and lethality capabilities. The planned radar enhancements will increase detec-
tion range, 1mprove target Classification, Discrimunation, and Identification (CDI); improve the
engagement of targets with reduced radar signatures; increase target handling capability, increase
firepower; and enhance survivability. PAC-3 1s required to counter both tactical ballistic mussiles
and cruise missiles

These upgrades will be implemented through a senes of ficlded configurations. Configuration
One consists of an expanded weapons control computer, optical disk, and embedded data recorder
and the pulse doppler processor Software associated with these hardware 1mprovements along
with other software improvements will be fielded as part of Configuration One Configuration
One 15 currently 1n production with the first unit equipped in FY 1995

Configuration Two consists of Communications Enhancements Phase I, two software improve-
ments — the counter anti-radiation mussile and CDI Phase I, and implementation, via software, of
the full capability of the Radar Enhancements Phase Il hardware Configuration Two will be
implemented by the Post Deployment Build-4 software

27
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Figure 2-8. TMD Active Defense Framework Core Programs
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Configuration Three consists of eight mayor tmprovements. The five hardware improvements are:
the PAC-3 nrussile, Radar Enhancements Phase III, CDI Phase I, Remote Launch Phase ITI, and
Communications Enhancements Phase II. The three software upgrades consist of PATRIOT/
THAAD Interoperability, Joint Theater Missile Defense (TMD) Interoperability, and Launch
Point Deterrmmation  Configuration Three will be implemented by Post Deployment Bmld-5 soft-
ware

Two nussiles were considered for the PAC-3 program. the Multimode Missile (MMM) and
ERINT rmussile. In the second quarter of FY 1994 the Army selected the ERINT mussile. The
ERINT wmussile 1s a hit-to-kill interceptor that provides active defense against TBMs and air
breathing threats It uses an on board active Ka-band seeker, asrodynamic control vanes, and
impulse attitude control thrusters to provide the rapid maneuvering necessary for a hit-to-kill
intercept  Hat-to-kill technology, as opposed to blast fragmentation, will increase lethality against
mass destruction warheads

Developmental and operational test and evaluation will occur between the fourth quarter of FY
1996 and the fourth quarter of FY 1998 PAC-3 fielding will begin m the fourth quarter of FY

-~

ezglonmental and operational test and evaluation will occur between the fourth quarter of FY
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1998

FY 1994 efforts imncluded the following accomplishments

*  Completed ERINT and Multimode Missile Demonstration and Validation (Dem/Val)
flight test programs;

* Completed Radar Enhancements Phase III subsystem testing and integration,

» Completed testing of PATRIOT/ERINT Demonstration and Validation (Dem/Val)
hardware and software integration;

* Delivered Dem/Val seeker to support Missile Command Hardware-In-The-Loop
(HWIL) testing

Work planned for FY 1995 includes:

¢ Ininate PAC-3 nussile Engineermng and Manufacturing Development (EMD) and
EMD Integration contracts,

* Conduct software spectfication, preliminary design, and critical design reviews to
complete PAC-3 missile design;

¢ Begmn PAC-3 mussile hardware procurement/fabrication,

¢ Provide hardware to support sled tests and hypervelocity gun tests to support lethality
reporting requirements and ltve-fire test preparations.

Work planned for FY 1996 includes:

* Deliver EMD brass board seeker to support Missile Command HWIL test and support
test reviews;

* Complete ntegration and testing of CDI Phase III and conduct production design
eview,

* Begin formal flight testing and EMD target and test support.

2.9.2 Navy Area TBMD

The goal of this Navy effort 1s to provide a sea based area theater ballistic mussile defense capabil-
ity bualding on the existing AEGIS system, which 1s shown m Figure 2-9

This effort focuses on modifying the AEGIS combat system to enable TBM detection, tracking,
and engagement by a modified Standard Missile SM-2 Block IV. The SPY-1 radar computer pro-
grams and equipment will be modified to allow search at higher elevatuons and longer ranges in
order to detect TBMs and to mamtaimn track on the ballistic targets. The weapon control system
will predict intercept pomnts and engagement boundaries for ballistic targets, imtialize missiles,
conduct firings, and provide uplink commands as the mussile flies to mtercept the TBM  AEGIS

werall smsindent cmbnemnmt masmtr and Aamananrnant batnAdamas fav hallictia farcate  snitializa macoilac
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Figure 2-9. AEGIS Weapon System
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displays and the on board command and decision system computer programs and equipment will
be modified to display TBM tracks and engagements and to interface with other elements of the
combat system as well as with off shup sensors (e g , Defense Support Program (DSP)).

The SM-2 Block IV, which has successfuily completed an operational assessment and will be
commencing Low Rate Initial Production (LRIP), 1s the basis for the initial sea based TBMD
capability that focuses on the more numerous, shorter range, lower apogee threats. As noted in
Figure 2-10, changes to the baseline SM-2 Block IV include warhead, seeker, and fuze modifica-
tions to improve intercept performance against ballisic missiles within the atmosphere Warhead
modifications will capitalize on engineering analysis and design efforts already completed for the
PATRIOT mussile An infrared seeker will be used to reduce miss distance The fuze will be
improved to ensure proper performance in the high closing rate mussile-to-mssile encounters
The modified SM-2 Block IV (designated SM-2 Block IVA) 1s being designed to retain capability
against antiship cruise missiles while providing significant capabuility to defeat the majority of the
world’s tactical ballistic missiles Future efforts will focus on improving the guidance of the
Block IVA to effect increased lethality agamnst emerging threats including chemical submunitions
and other weapons of mass destruction The August 1994 Defense Acquisition Board review of
Navy TBMD endorsed this evolutionary approach and approved nisk reduction activities leading
to a Milestone IV Defense Acquisitton Board in FY 1996.
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Figure 2-10. Standard Missile 2 Modifications
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In addition to the early risk reduction test mussiles planned to support testing m 1993, 10 mussiles
will be procured for developmental tests at White Sands Missile Range (WSMR) and 35 mussiles
will be procured for use with the AEGIS User Operational Evaluation System (UOES) to provide
a mid-decade contingency capability Low rate mitial production (LRIP) procurement beginning
in 1998 will make approxiamately 70 mussiles available 1n 2000.

The test and evatluation program for Navy Area TBMD 1s an outgrowth of almost 20 years of
computer program development and management, mussile development, and AEGIS weapon sys-
tem engineermg. It includes early mussile hardware mtegration and flight test, infrared seeker
wind tunnel and sled testing, warhead development using lessons leamned from PATRIOT, early
at-sea testing of prototypical computer programs, and extensive land based development of
AEGIS weapon system computer programs and equipment at the Combat System Engineering
Development Site (CSEDS) in Moorestown, New Jersey.

Early flight tests are planned starting 1n FY 1995, first at the White Sands Missile Range, and then
on an operational AEGIS ship with supporting computer programs. Additional at-sea testing will
include multiple engagement scenarios, electronic countermeasures, and other measures designed
to rigorously test the robustness of the system The first fleet unit will receive operational SM-2
Block IVA nterceptors and AEGIS TBMD tactical computer programs in 2000
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FY 1994 efforts included the following accomplishments-

Demonstrated AEGIS cueing to PATRIOT system in consonance with the Joint Awr
Defense Operations (JADO)/Joint Engagement Zone (JEZ) event, a joint air defense
exercise ncluding arr, sea, and land based units,

Continued development/design of SM-2 Block IV modifications to provide the capa-
bility to intercept TBMs;

Initiated procurement of target missiles.

Work planned for FY 1995 includes:

Continue design of mitial AEGIS combat system computer program modifications to
enable TBMD detection, tracking and weapon processing to support an SM-2 massile
with TBMD capability;

Conduct land based and at-sea experiments to demonstrate automated acceptance of
long-range (off ship) cueing and SPY radar acquisition using off ship cueing sources
such as external sensors, land based radars, and other ship radars;

Continue design and integration for SM-2 Block TVA missile and fabricate risk reduc-
tion flight test rmssiles;

Procure target mussiles.

Work planned for FY 1996 includes.

Conduct AEGIS weapon system TBMD system design review and preluninary design
IBVIEW,

Complete Navy TBMD Cost and Operational Effectiveness Analysis;
Conduct risk reduction fiight tests,
Conduct Milestone IV Defense Acquisition Board;

Procure AEGIS combat system modifications for ships and development sites, and
procure support/tramning equipment for shore facilities.

2.9.3 The THAAD System

The THAAD system, shown 1n Figure 2-11, consists of the THAAD weapon system and the The-
ater Missile Defense-Ground based Radar (TMD-GBR) surveillance radar system The THAAD
systern comprises the upper tier of a two tiered, ground based defense against TBMs This system
will provide broad surveillance and a large mtercept envelope to defeat tactical nussile threats
directed against wide areas, dispersed assets, and strategic assets such as population ceniers and
industrial faciliies THAAD will engage at hugh altitudes to munimize damage caused by debris
and chemucal/nuclear murutions The combination of ngh altitude and long-range intercept capa-
bility may provide multiple engagement, Shoot-Look-Shoot (SLS) opportumities The system
will be interoperable with other U.S. air defense systems

~

will be 1nicfoperable with other U.S. air defense systems
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Figure 2-11. The THAAD System
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The THAAD weapon system includes mussiles, launchers, radar, Command Control, Communi-
cattons and Intelligence (C3D) urts, and oround support equipment The system will be C-130/C-
141 arrcraft transportable The THAAD C°I umts will be compatible with the Air Defense Tacti-
cal Operations Center to enable communication with higher and lower echelons

The THAAD mussile 1s a single stage, solid fuel missile The missile employs thrust vector tech-
nology and a divert and attitude control system Predicted intercept point and guidance presets
are provided by the TMD-GBR to the nussile prior to launch. The THAAD mussile receives -
flight updates including a target object map for target designation Termunal guidance data 15 pro-
vided by an infrared seeker looking through a side mounted, uncooled window The seeker win-
dow 1s protected by a shroud which separates prior to terminal homimg. The THAAD mussile kill
vehicle exhibits enhanced lethality by destroying incoming warheads utilizing kinetic energy
impact (Fit-To-Kull) 1t 1s capable of both endo- and exoatmospheric mtercepts

The THAAD launcher contains a missile round pallet mounted on a modified U.S. Ammy pallet-
1zed loading system truck Primary power to the launcher 1s supplied by lead acid batteries that
are automatically recharged by a quet tactical generator Launch position 1s deterrmned by the
global positiomng system and the launch azimuth by a direction reference unat,

The C3I system 18 designed to control automated TBM acquisitton and 1dentification, track data
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processma and dissemrnation, weapon assignment, engagement monitoring, and sensor operation
The C31 equipment 1s configured into the standard 1ntegrated command post shelter mounted on a
highly mobile, multipurpose wheeled vehicle The netted, distributed, and replicated command
and control atchitecture allows maximum flexibslity for operations at the battalion or battery
level

The primary THAAD sensor is the TMD-GBR. It uses state-of-the-art radar technology and pro-
vides theater-wide surveillance, discrimination, and fire control for the weapon system. It con-
sists of five major elements a mobule, single faced, phased array antenna umt utilizing solid-state
transrmt/recerve modules and separate power generation, system cooling, electronic equipment
control, and operations control units. The radar operates in the X-band and provides early warn-
ing of threat TBM launches by detecting and acquiring targets at very long ranges using autono-
mous horizon fence and volume search acquisthon modes The radar performs classtfication and
discnmination to categornize the target type and identify the reentry vehicle, The radar maintains
track on the taiget and provides in-flight updates to the mussile prior to imtercept The TMD-GBR
provides the critical data to allow the THAAD system to perform kill assessment which supports
the decision to comrmt additional interceptors or to cue lower tier systems such as PATRIOT and
the AEGIS weapon system.

The THAAD Dem/Val program includes a comprehensive, itegrated, ground and fhght test
schedule to demonstrate sufficient design maturity to enter EMD and to verify that the deployable
prototype UOES has operational capability. The test program mitrally focuses on computer simu-
lation, early breadboard and brass board hardware, and piece part and component developmental
testing. Thus testing evolves into subsystem, system environment, and functional demonstrations,
leading 1nto ground and flight system interface and integration tests.

The THAAD test program will ensure that all critical design and performance 18sues are resolved
early and that the THAAD system will meet operattonal and functional requirements The center-
piece of the THAAD test program will be the flight test program at Whate Sands Missile Range
The THAAD system began flight tests with a successful flight at White Sands Missile Range on
21 April 1995. The 14 nussile flight and system tests will mcrementally demonstrate increased
performance capability by 1nteo1:ated mussile, launcher, radar, and C°I systems.

The TMD-GBR Dem/Val test program consists of two phases. The first phase consists of contrac-
tor n plant testing and integration. The second phase consists of government integration and
flight test venification activities at White Sands Missile Range.

In addition to the Dem/Val radar umt, two TMD-GBR UOES units will be developed to support
the THAAD UQES. These UOES versions of the TMD-GBR will be deployable and available to
support THAAD 1nterceptor testing beginning October 1995 and continung to April 1996. The
long-range plan 1s to begin fielding THAAD in FY 2002

FY 1994 efforts included the following accomplishments
* Completed delivery of the Dem/Val mtenm launcher to White Sands Mussile Range,

* Compleied delivery of the mnitial palletized loading system truck and Battie Manage-

« Compieted delrvery of the imitial palletized loading system truck and Battie Manage-
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ment/Command , Control, Communications and Intelligence (BM/C3I) shelters to the
contractor;

* Completed objective system and UOES final design reviews;

* Completed guidance and control testing;

« Conducted launcher and BM/CI brass board testing,

* Completed TMD-GBR UOES critical design review and began fabrication

Work planned for FY 1995 includes:
*  Complete manufacturing of TMD-GBR Dem/Val radar;
* Begin Flight Test prograim,
* Begin THAAD system tests with TMD-GBR and launcher,
* Procure targets to support THAAD and TMD-GBR {flight tests;
*  Complete AEGIS/THAAD compatibility study.

Work planned for FY 1996 includes:
* Complete Dem/Val missile and system flight test program,
* Conduct TMD-GBR radar system tests,
¢ Complete fabrication of UOES radars;

« Exercise UOES mussile contract option.

2.9.4 Battle Management/Command, Conirol, Communications, and Intelligence
(BM/C®I)

Interoperabﬂlty in Battle Management/Command, Control, Communications, and Intelligence
(BM/C T) 1s essential for joint TMD operations. Accordingly, Ballistic Missile Defense Orgam-
zation (BMDO) continues to take an aggressive lead to establish an architecture that all the Scr—

vices can build upon and 1s actively pursuing three thrusts to ensure an effective and joint BM/C31
for TMD active defense.

2.9.4.1 C3I Architecture

The C31 architecture for TMD active defense consists of the Command and Control (C‘) structure
for theater air defense, the communications linking TMD C? , weapons, and sensors; and the TMD
interfaces to 1ntelhcence systems and other supporting capab111t1es Figure 2-12 shows the TMD
actve defense C2 orgamzation consistent with current doctrine  The rapid time frames associated
with the execution of TMD requre closely coordinated command and control for centralized
planning and guidance with decentralized execution To ensure optimized planning and guidance,
BMDO 1s focusing on accomplishing the horizontal Iinkages among the theater level command

planning and guigance witl UeCeIlrainZed CXCCULIOl 10U SIISULE UPULLEU PLALELILE, dlil B UIualive,
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Figure 2-12. TMD Active Defense Command And Control Organization
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centers and operations centers that could be deployed in various combinations over time from one
theater or conttngency to another

Communications for TMD are designed to make target and engagement imformation available in
near real time to TMD elements at all levels. The functioning of the joint data net is shown 1n Fig-
ure 2-13.

All Services will interoperate via this net, which will allow early cueing of sensors and greater
opportunity for TBM engagements. This joint data distribution will contribute to more successful
engagements and less leakage of hostile missiles through our defenses

The intelligence portion of the architecture focuses on Tactical Information Broadcast Service
(TIBS) and TRAP Data Dissemunation System (TDDS) TIBS and TDDS are satellite broadcast
systems which dissenunate mformation from theater and national intelligence resources TMD
forces rely on TIBS and TDDS, in combination with the Jomnt Near Real-Time Data Net, for
receipt of launch warning mformation produced by tactical processors of DSP data (e.g., Jomnt
Tactical Ground Station (JTAGS) n the theater or Attack and Launch Early Reporting To Theater
(ALERT) 1n Continental United States (CONUS)).

2.9.4.2 BM/C31 Program

BMDO has three major thrusts to the TMD active defense BM/C3I program. The first thrust
establishes the links and means for 1n theater dissenunation of launch warning information from

D0 trio tiiion sigus iU YU i A ATA Smei e UAvEiUY AT e s At ke assme s

establishes the links and means for 1n theater dissenunation of launch warning information from
Z-JU
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Figure 2-13. TMD Active Defense BM/C3I Communications Network
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space based and itelligence systems external to TMD. As discussed m previous sections,
mmproved capabilities for surveillance and launch warning n support of TMD have already been
established through the explonation of space based systems and development of tactical process-
ing prototypes by BMDO and the Services. Success in this area was the imtial thrust of the BM/
C°I program, providing early and responsitve support to user commands from JTAGS and ALERT
Additionally, development of a commumcations gateway, called the Jomnt Tactical Information
Distribution System (JTIDS) / National Techmcal Means Gateway (NTMG), was mnitiated i FY
1994, Thus gateway allows ALERT broadcasts of national sensor warming information, from
space as well as theater sensors, sent via TIBS/TDDS to enter the JTIDS network. A prototype of
this gateway was demonstrated during Umted States Atlaniic Command’s (USACOM'’s) Joint
Task Force 95, and 1t will participate in May 1995 m Operational Concept Demonstration IT/Rov-
ing Sands. BMDO continues its role in integrating the TIBS and TDDS with n theater communi-
cations and operational systems

The second thrust of the TMD active defense BM/C°I program focuses on the commumnicatton of
mformation via the Joint Data Net In comjunction with the Joint Interoperability Engmeering
Organization (JIEQ), BMDO led a subpanel established under the Jomnt Multi-TADIL Standards
Working Group (JMSWG) to define those joint message formats associated with TMD that must
be utilized by all the Services in therr TMD role. Thus activity to define standards and interfaces
resulted 1n agreement on common information needs as well as format for joint TMD messages

2-31
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A Tactical Data Information Link-J (TADIL-J} interface change proposal was agreed to by all the
Services and presented to the JIEO Configuration Control Board for approval.

TMD message formats, associated reporting responsibility rules, and track correlation schemes
are being assessed for their adequacy to support TMD requirements by the Air Force’s Modeling,
Analysis, and Simulation Center at Hanscom Air Force Base. Thus assessment 1s scheduled for
completion n FY 1995 Tius approach allows all acquisition activities under the other core pro-
grams to develop the appropnate software to integrate communications hardware with host plat-
forms to ensure these systems can communicate with each other As part of this planning process,
the Aur Force’s Electromc Systems Center, Hanscom Air Force Base, has developed a JTIDS
TADIL-J Implementation Plan which outlines the acqulsmon strategy and costs for integration of
TMD capabilities mto selected JTIDS equipped BMC?1 platforms, mcluding Air Operations Cen-
ter, Command and Reporting Center, Joint Strategic Tactical Airborne Range System (STARS),
Airborne Warning and Control System (AWACS), Cobra Ball, and Rivet Joint. Actual platform
integration will begin mn FY 1996. A separate study will be mitiated in FY 1995 on how best to
relay TMD data to theater areas beyond the line-of-sight limutation of a JTIDS network

The third thrust of the TMD active defense BM/CI program directs attention to the Service
upgrades of C? centers BMDO's centra.l direction and support of hardware and software develop-
ments will produce an mtegrated c? capability for TMD. Tlus thrust mcludes BMDO funded
software integration, prototyping, and evaluation activities which have been conducted 1n con-
Juncuon with field and command post exercises such as Roving Sands, Operational Concept
Demonstration, Blue Flag, and CINCs’ Assessment Program such as Optic Needle. These exer-
cises and war games raise specific 1ssues in operational practices and procedures; and by prov1d~
ing essential insights for joint TMD concepts of operations, they allow BMDO to develop the 1
needed for fully mntegrated TMD active defense operations.

BMDO will develop a TMD Information AICh] tecture (JA) based on the methodology prescribed
by the Department of Defense (DoD) Core C? Model. This effort will define a commeon 1nforma-
tion structure upon which all the Services can build. The information architecture will serve as a
management tool m ensurmg that data flows, processing needs, and display items are cornmonly
defined across Service C2 programs An additional benefit from building the mformation archi-
tecture 1s producing an engineering framework from which TMD can grow m the future, as
needed, to help constitute the capabihty for a National Missile Defense (NMD).

As part of the third thrust, BMDO 1s emphastzing C2 center developments 1n an open architecture
with maximum use of Commercial-Off-The-Shelf (COTS) software. C? information systems that
typtfy this approach include the Navy's Jomnt Maritime Command Information System (JMCIS)
and the Aur Force's Contingency Theater Air Control System (TACS) Automated Planning System
(CTAPS)

ina contmuous effort to validate the C3I architecture and to mcasure the progress of the three
BM/C3 thrusts, BMDO 1s responsible for testing of mtegrated BM/C3I for TMD active defense.
This includes BMDO sponsored war games which w111 use the facilities of the National Test
Facility (NTF) and the Advanced Research Center {ARC) to refine the information architecture
through user interactions and to exammne the command ard control operational aspects of the fam-

through user interactions and to examine the command and control operational aspects of the fam-
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ily of systems. BMDO also uses end-to-end simulations, man-in-the-loop tests, and hardware-1n-
the-loop tests to validate BM/C31 requirements and determine that those requirements have been
met. To meet the specific needs of TMD testing, systems 1ntegration tests will be conducted using
the TMD System Exerciser (TMDSE) to simulate the operaluonal environment and to drive each
of the elements connected via hardware-in-the-loop As a distributed test tool, the TMDSE can
operate 1 a wholly simulated environment or 1n conjunction with hve fire test events to demon-
strate TMD system responsiveness and performance as an integrated whole. The proof-of-princi-
ple demonstration of the TMDSE was completed in FY 1994

FY 1994 efforts included the following accomplishments:

Demonstrated C2 connectivity to national assets,
Demonstrated JTIDS/NTMG during USACOM'’s Joint Task Force 95;
Began prototyping the Air Defense Command Post,

Executed Operational Concept Demonstration II and 1 connectvity in Roving
Sands 94 exercise;

Conducted TMD war game

Work planned for FY 1995 mcludes

Employ JTIDS/NTMG m Operational Concept Demonstration [II/Roving Sands,

Complete theater air defense/TMD process models “As Is " and dictionary of Service
terms, and develop process models “To Be” for ct system upgrades;

Complete assessment of TMD message format, reporting responsibility rules, and
track correlation schemes;

Integrate prototype capabulities mto air defense TOC weapon systems.

Work planned for FY 1996 mncludes.

Compleie gateway software development and testing;
Integrate c? connectivity to national assets;
Demonstrate Lower Tier/Joint interoperability,

Develop, stmulate, and demonstrate prototypes of the recommended CTAPS applica-
tion for the distrtbuted command and control nodes,

Conduct NATO TMD war game

2.10 Advanced Concepts

Currently, three programs are being considered as advanced concepts to complement the core pro-

7 22

Currently, three programs are being cons:dered as advanced concepts to complement the core pro-
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grams: Medium Extended Air Defense System (MEADS) (formerly Corps SAM), now a multilat-
eral international cooperative program, Navy Theater-wide Theater Ballistic Mussile Defense
(TBMD), and Boost Phase Intercept. MEADS will provide an easily deployable defense for
highly mobuile land forces. Navy theater-wide TBMD will provide a worldwide capability to
defeat medium-range Theater Ballistic Missile (TBM) threats without the need for forward bas-
ing Boost phase intercept will counter submunitions and reactive threats by engaging TBMs
early 1n their flight paths over enemy territory. Figure 2-14 shows the advanced concepts and the
core programs within the Theater Missile Defense (TMD) active defense framework.

Figure 2-14. TMD Active Defense Framework Core Programs And Advanced Concepts
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The TMD advanced concepts employ a rigorous new start process which emphasizes reduced cost
and advanced technology Research and development 1s conducted 1n areas of interest based on
Commander 1n Chief (CINC) and user mput. Technology and manufacturing processes are con-
tinuously developed and refined to reduce costs and counter the threat. Advanced technology
demonstrations are conducted to provide early assessment of manufacturing capability and acqui-
sition risk 1n addition to cost and affordability analyses An advanced concept 1s considered for a
new start based on national priorities, maturity, capability, effectiveness, lethality, current and pro-
jected threat, operational need, and affordability If selected for a new start, the advanced concept

jected threat, operational need, and affordability If selected for a new start, the advanced concept
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enters the Defense Acquisitton Board (DAB) process. If not selected, additional research and
development may be conducted to further refine the technology and the manufacturing process
and to reduce cost.

2.10.1 Medium Extended Air Defense System (MEADS)

MEADS (formerly Corps SAM) will provide low to medium altitude air and theater missile
defense to maneuver forces and other cnitical forward deployed assets The system will consist of
mussiles, launchers, ,SENsOrs, and Battle Management Command, Control, Communications, and
Intelligence (BM/C?]) elements. It will be deployed and operated by both the Army and Marmne
Corps. The system will provide 360-degree defense aganst multiple and stmuitaneous attacks by
a wide variety of tactical ballistic missiles and air breathlng threats that employ both conventional
and unconventional warheads. Specifically, these threats include short-range tactical ballistic
nussiles, cruise missiles, unmanned aerial vehicles, and both fixed and rotary wing aircraft It will
be configured as lightweight modules to make 1t easily transportable and highly mobile Its fully
netted/distributed architecture will provide continuous air defense while 1ts flexibility permuts
rapid and continuous reconfiguration of system components to meet the demands of each mussion.
The system will be compatible and interoperable with other assets expected to participate in jomnt/
combined operations.

The Department of Defense (DoD) signed a Statement of Intent with Germany, France, and Italy
to cooperate on a joint development and production of a medinm air and missile defense system 1
February 1995. Working groups have been established to coordinate operational and technical
requirements and to develop a memorandum of understanding and statement of work for multilat-
eral cooperation for the Project Definition-Validation (PD-V) phase. The proposed acquisition
approach is to select two U.S. mndustrial teams that will then be required to conduct an mierna-
tional tearmung and PD-V effort with European industry. During the PD-V phase, the contractors
will be required to define and develop a total system concept based upon the technical require-
ments document, to conduct a requirements analysis flow down, to establish a contractor-defined
baseline system concept, to conduct concurrent engineering design trades, to perform simulations
and modeling, to provide life cycle cost estimates, and to establish integrated program plans that
include a defined nisk assessment and risk abatement plan Demonstration of critical functions
associated with integrated system performance and resolution of key techmical 1ssues for the pro-
posed system design concept through the use of end-to-end digital symulation will be required.
Following a successful system design review, an Request For Proposal (RFP) for design and
development will be issued to the two competing international teams that conducted project defi-
nition-validation.

FY 1994 efforts imcluded the following accomplishments
» Finalized RFP for concept development,

» Tnitiated coordination of cooperative program with Germany and France.

Work planned for FY 1995 includes

« Finalized Statement of Intent for multilateral cooperative program,
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« Coordinate operational/technical requirements among U.S, Germany, France, and
Italy;

» Establish international program management structure;
* Negotiate and conclude memoranda of agreement,

* Award contracts for intemational teaming with PD-V options

‘Work planned for FY 1996 includes
+ Complete international teaming;

» Exercise option to initiate PD-V contract efforts;

2.10.2 Navy Theater-wide TBMD

The Navy Theater-wide TBMD program wili provide an upper tier, sea based capability to
counter the TBM threat. This program will build on existing AEGIS ships infrastructure and the
Navy's core TMD program to develop an interceptor with exoatmospheric capability such as a
marinized Theater High Altitde Area Defense (THAAD) or the Lightweight Exoatmospheric Pro-
jectile (LEAP) The current effort includes LEAP flight tests, an imndependent cost and operational
effectiveness analysis, and force integration studies including concept engineering.

FY 1994 efforts included the following accomplishments:

* Completed the assembly and testing of two flight kill vehicles to support interceptor
tests and provided safety and functional imert test articles to support the safety
approval process and missile checkout,

» Conducted final qualification tests for kick stage propulsion;

* Conducted a hover test of a Navy safe solid divert and attitude control system inte-
grated wath a kill vehicle;

+ Conducted a successful target demonstration flight test,

Work planned for FY 1995 includes:
« Complete AEGIS/THAAD integration studes;
+  Complete flight demonstration, analysis, and close-out of LEAP flight test program,

* Complete Navy Theater-wide TBMD Cost and Operational Effecttveness Analysis
(COEA), Phase I

Work planned for FY 1996 includes.
» Complete Navy Theater-wide TBMD COEA, Phase I,

-~

s Complete Navy L'heater-wide I'BMLU CUEA, Phase L,
£-30



Theater Missile Defense Master Plan

+ Conduct command and control studies and demonstrations

2.10.3 Boost Phase Intercept

The primary objective of the Kinetic Energy (KE) Boost Phase Interceptor (BPI) demonstration
program is to demonstrate in FY 1999 the technology for air launched theater missile defense
capability to intercept theater ballistic mussiles in their boost phase of fiight. The most advanta-
geous tme to mtercept a TBM is during the boost phase of its trajectory while 1t 1s still accelerat-
ing through the atmosphere. Intercepting a TBM early 1n 1ts trajectory destroys the mmssile prior
to release of submunitions, thus mimimizing the debris fallout on fmendly territory and increasing
the deterrence of an enemy launch of chemical/ biological/nuclear weapons of mass destruction.

The KE BPI demonstration will assess the operational concept by performung a TBM intercept 1n
a demonstration having an operationally useful scale s1ze and traceability to the Air Force opera-
tional requirements document. The KE BPI mussile will be an endoatmospheric, and probably
exoatmospheric, mgh-speed advanced tactical tssile The candidate launch aircraft are the F-15
(Aur Force) and F-14 (Navy) The program will be managed by Ballistic Missile Defense Organi-
zation (BMDO) with Aiwr Force, Navy, and Army participation

The present program strategy for KE BPI 1s to continue Kinetic Kill Vehicle (KKV) work through
the Atmospheric Interceptor Technology (AIT) program. The Air Force and Navy will refine therr
Concept of Operations (CONOPS) and address operational 1ssues.

FY 1994 efforts included the following accomplishments

+ KE BPI Advanced Concept Technology Demonstration (ACTD) approved by the Dep-
uty Secretary of Defense,

« Imtated development of a joint concept of operations;

* Conducted hyperthermal tests of cooled windows for KKV

Work planned for FY 1995 includes

¢ Continue development and testing of the KK'Vs under the AIT program,;
* Refine joint Air Force and Navy CONOPS,

* Conduct test planning

Work planned for FY 1996 includes:
*  Contnue AIT KKV development,

* Conftinue missile integration design
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In addition to KE BPI the Air Forces's Airborne Laser (ABL) Demonstrator 15 a rapidly deploy-
able airtborne platform with a long-range high energy laser capable of autonomously detecting,
acquuring, 1dentifying, tracking, and destroying theater balhistic missiles 1n the boost phase. The
dernonstrator 1s fully scaleable to the full-scale operational system

The ABL Demonstrator will be capable of 20-40 missile engagements with an 18 hour on-station
time with aerial refueling. The Awr Force plans a flight demonstration of a limited operational
capability in FY 2002.

2.11 Studies and Analyses

2.11.1 Theater Defense Netting Study

The Theater Defense Netting Study (TDNS) was conducted to evaluate the effectiveness of poten-
tial improvements in theater ballistic mussile, cruise missile, and air defense through the mtroduc-
tion of netting systems and, where necessary, modifications or additions of sensor or weapons
systems. The study examined two tume periods (1997-2001 and post 2001) usmg coordmated
threat scenarios, Blue force lay downs, and concepts of operation established by the Army, Navy,
and Air Force Some of the study ground rules are:

+ Time Periods
- 1997-2001
- Post 2001
* Geographic Areas.
- Korea
- Middle East
* Scenaros
- Chosen to show performance of different levels of sensor netting
- Attacks on military targets, population centers
- Combined and coordinated ballistic and cruise mussile attacks
- Varying raid sizes
- Defense assets
- Currently planned and budgeted

- Additional sensor, weapon, and communication assets

The study was structured to make maximum use of both completed and ongoing air defense stud-
1es and theater air defense studies Participation was drawn from across the Services and the tech-
mical commumty. Recommendations for netting implementations along with estimates of
performance improvements and cost were provided to Ballisic Missile Defense Organization
(BMDO) and the theater air defense community Figure 2-15 illustrates the sensor netting con-
cepts that were studied
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Figure 2-15. Theater Defense Netting Study Sensor Netting Concepts
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The TDNS focused on cases where netung defense assets 1s likely to improve overall defense
effectiveness Cases that were considered included

e Combined ballistic mussile—cruise missile—arrcraft attacks,
* Attacks on population centers (low leakage required);

e Attacks duning defense buildup (few defense assets);

¢ Attacks against mgh value targets (dense threat);

¢« Low altitude overland cruise nussiles,

* Opportunities to reduce fratricide (under joint operations)

The measures of effectiveness that were applied to judge the improvement 1n performance capa-
bility and mussion execurion included:

« Efficient use of assets (sensors and interceptions),
+ Increased defended area,

* Decreased response tume;

* Decreased response tume;
L=JF
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Reduced leakage (by threat type and target);

Reduced fratricide,

Reduced strategic lift requirements;

Reduced manpower;

Reduced costs.

The major conclusions from the study were:

* Netting effectiveness is scenario dependent, but it generally improves the defense
effectiveness;

* Netting benefit 1s a function of sensor overlap, with a higher payoff for cruise missile
defense — especially for supersonic cruise missiles,

Combat Identificanon (ID) 1s improved by mamtaimng track continuity and passing
identification derived from wideband radar,

Satellate range extension of Joint Tactical Information Distribution System (JTIDS)
offers operational and cost advantages over traditional relays;

Auborne surveillance and fire control platform restores coverage lost to low altitude,
small radar cross-section cruise missiles

2.11.2 Comprehensive TMD Missions and Programs Analysis

In August 1994, the Department of Defense (DoD) mitiated a comprehensive Theater Missile
Defense (TMD) missions and programs analysis Further, the Program Decision Memorandum
directed that four activiies comprise the analysis. These activities are: a joint TMD Cost and
Operational Effectiveness Analysis (COEA), a technical and engmeermng analysis of potential
program commonalities, development of a TMD command and control plan, and an analysis of
TMD threat and mussion priorities. BMDO has the lead for the first three activities, and the Joint
Staff has the lead for the TMD threat and mussion priorities analysis.

2.11.2.1 TMD Cost and Operational Effectiveness Analysis

The purpose of the TMD COEA 1s to determune the most cost-effective mux of system capabilities
and inventories for Theater Ballistic Missile Defense (TBMD) and cruise missile active defense.
Office, Secretary of Defense (OSD) has directed BMDO to consider alternative TMD architec-
tures, to include an architecture consisting of the TMD elements that were defined as core pro-
grams by the DoD Bottom-Up Review in 1993 (1.e., PATRIOT Advanced Capability Level-3
(PAC-3), Theater High Altitude Area Defense (THAAD) with Theater Missile Defense-Ground
Based Radar (TMD-GBR), and Navy Area TBMD). Other archutectures bemng considered include
the addition of candidate advanced capability systems (1.e., Medmum Extended Awr Defense Sys-
tem (MEADS) (formerly Corps SAM), Boost Phase Intercept, and Navy Theater-wide Defense)
singly and 1m combmations In these various combinations, the cost-effectiveness of alternative
nussile mventory mixes will be analyzed.
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The COEA 1s a joint study effort, with full participation of the Services and with extensive coordi-
nation among them Each of the study panels (e.g , Analysis Panel, Systems and Cost Panel) has
multi-Service membership. The work of each panel draws to the fullest extent possible on analy-
ses accomplished by the Services for all purposes, including COEAs previously conducted for
TMD elements Core program COEAs will be integrated into the Capstone COEA A Joint Over-
sight Board (JOB) reviews study progress and products, and helps resolve study issues. At more
sentor OSD levels, an advisory group and a review group provide guidance for study direcuion,
through the JOB, and resolve any confhcting positions among study participants. The Study
Director 1s tailoring the analysis so that intenim products can be avatlable 1n time for OSD's most
mmmediate TMD acquasition review, i e., for a Navy Area TBMD System, scheduled for Decem-
ber 1995.

2.11.2.2 Technical and Engineering Commonalities Analysis

The Ballistic Missile Defense Organization 18 leading a technical and engineering analysis of
potential program commonalities and joint efforts The purpose of this analysis 1s to evaluate the
potential of reducing the life cycle cost of TMD weapon system programs by sharing develop-
ment and procurement of common technologies and components where feasible. The programs to
be included 1n the analysis are the core programs (PATRIOT, THAAD, and Navy Area TBMD)
and the advanced concepts (MEADS (formerly Corps SAM), Navy Theater-wide TBMD, and
Boost Phase Intercept) The technology efforts of the TMD core programs and the related BMDO
technology programs will be evaluated The analysis will evaluate potential commonalities down
to the major component level such as focal plane arrays and gel divert/attitude control systems

The commonalities analysis will characterize the functional and destgn characteristics of individ-
ual gystems, subsystems and major components based on current system concepts or Demonstra-
tion and Validation (Dem/Val) designs. For elements that are applying common or compatible
components, the analysis will report existing commonalities. For elements that are applymg dif-
ferent technologies or designs for common functions against common threats 1n common environ-
ments, the analysis will review alternative approaches. If the analysis indicates a positive
opportunity to apply a common or compatible engineenng solution to multiple elements, the
potential cost saving that could be realized will be reported including recommendations for imple-
mentng the change. The analysis will be completed 1n 1995.

2.11.2.3 Command and Control Plan

The Ballistic Missile Defense Organization is working with the theater a1r defense Battle Manage-
ment/Command, Control, Commumcatlons and Intelhvence (BM/C I) Executive Agent to
develop a TMD command and control plan. This plan w1ll mclude an operational concept; inte-
gration and detail use of TMD BM/C31 withun the existing joint air defense architecture, planned
mod1ﬁcauons for using cues from other sources and providing trajectory data to other users; and
exercises required to demonstrate interoperabitity The following areas will be addressed.

» The operational concept will definitize how the battlespace will be defended with the
various TMD assets, how the defensive nussion will transitzon from sea based assets to
land based assets, and how the counteroffensive operations will use early warning
mformation;

¢ The plan will describe how the BM/C31 capability supporting the TMD operational
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concept will be integrated with the theater air defense joint BM/C3I architecture to
ensure that both functions are supporied 1n the most efficient manner, with mimimal
increases 1n manpower and equtpment,

* The plan will identify the modifications required for operational and developing sys-
tems to accept cues from other sources and to provide trajectory data for other users;

* The plan will discuss how 1nterpretability will be tested 1n accordance with the TMD
Capstone Test and Evaluation Master Plan

The TMD command and control plan 1s scheduled for completion by August 1995 The plan will
serve as a source document for the TMD Capstone COEA.

2.11.2.4 Analysis of Threat and Mission Priorities

The Joint Staff will conduct an analysis of the threat and mussion priorities This analysis will con-
sider both theater ballistic mussiles defense and cruise mussile defense. It will be mtegrated into
the TMD Capstone COEA.
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Chapter 3
National Missile Defense

3.1 Introduction

The Department's Bottom-Up Review (BUR) concluded that an immediate ballistic missile attack
on the U.S. using existing sophusticated ballistic mussiles is unlikely, but that a sigmificant proba-
bility of attack could emerge in the future as Third World countries develop or acquire stmple or
perhaps even sophisticated ballistic mussiles. BUR guidance and resource allocation has resulted
i an National Missile Defense (NMD) program that progresses at a pace considerably slower
than that of a full-fledged acqusition program at a funding level of approximately $400M per
year (not mcluding the Space and Missile Tracking System (SMTS)) The NMD Program has
been structured so that 1t matures the system components required for as fully effective a defen-
stve capability as an Anuballistic Missile (ABM) Treaty compliant, one-site deployment will
allow (the “Objective System”). If the need arises to deploy sooner than the completion of the
objective system development, contingency deployment options have been identified based on an
estumate of when significant performance improvements mught be realized as each of the major
pieces of the NMD system (Interceptor, Radar, Precommit Sensor, Battie Management/Com-
mand, Control, Communications (BM/Cé)) reach mayor performance improvement plateaus At
the same time, deployment planning efforts aimed at reducing the time to deploy both the contin-
gency and objective systems are being conducted The combination of these features 15 called the
Ballistic Missile Defense Organization (BMDO) NMD “Technology Readiness” program

3.1.1 System Concept

In order to perform the essential ballistic missile defense functions, several basic elements must
be ntegrated as a system: (1) sensor elements to acquire, track, and discrimunate the Reentry
Vehicle (RV) from nonthreatenung objects, provide cueing information to the interceptor, and pro-
vide data to verify destruction of the RV, (2) an interceptor element capable of receiving and pro-
cessing n-flight target updates, perfomnng on board target selection, and providing rehable target
destruction; and 3) a BM/C? element for system integration, informed decision making by
humans-in-control, and engagement planning and execution, as shown i Figure 3-1.

3.2. Threat Driven NMD Program

Threats which have posed or can potentially pose a danger to the U.S are shown mn Figure 3-2

3.2.1 Former Threats

Global Protection Against Limited Strikes (GPALS) and original Strategic Defense Initiative
(SDI) threats are of historic interest only The original SDI threat (circa early-mud 1980s) con-
tained thousands of boosters and tens of thousands of sophisticated warheads and penaids The
chance of encountering this threat today is currently considered highly unlikely In the late 1980s
the threat was characterized as containing tens of boosters and several hundred warheads, and was
the basis for the GPALS program The chance of encountering the GPALS threat today 1s constd-
ered unlikely
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Figure 3-1. NMD Objective Architecture
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Our current atiention focus is on ST1-ST4 classes of strategic ballistic nussile hardware that exist
or are under development

3.2.2 Existing Threat Hardware

ST4 and ST3 are representative of a portion of the existing Former Soviet Union (FSU) threat.
ST4 includes up to 20 warheads, and could be delivered, for example, by two SS-18s used n
either a limited deliberate or accidental launch scenario  As such, they are of soplusticated
designs and could include penaids and jammers ST3 mcludes up to four warheads, and could be
delivered by four individual boosters, e.g., $5-25s, or some off-loaded configuration or a larger
Multiple Independently-Targetable Reentry Vehicle (MIRVed) booster The intelhigence commu-
nity rates the likelihood of encountering either of these threats as unlikely now but of heightened
risk in the future.

3.2.3 Threat Hardware Under Development

ST2 and ST1 are representative of strategic ballistic mussile hardware being developed indige-
nously by Chuna and Rest-of-World (ROW) countries  ST2 includes up to four warheads with hit-
tle sophustication beyond a rudimentary ascent shroud n order to present a “cold” target 1n the
midcourse phase of the warhead trajectory, and mcludes no jammers or penaids, It represents a
“Chinese-like” threat ST1 includes up to four rudimentary first generation warheads typical of
the type that could be expected from North Korea, Iraq or India  The tumung of both these threats
has some degree of uncertainty, but the last assessment by the intelligence community was
assumed to be at least 8 - 10 years n the future
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Figure 3-2. Threat Scenarios
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3.2.4 Proliferation of Existing Threat Hardware

In addition to the discussion above concerning (1) exisung hardware that can be a sophusticated
threat in the hands of countries “unlikely” to use them agaimst the U.S., and (2) countries who
have not yet developed the capablity to indigenously produce weapons of mass destruction along
with the means to deliver them (1.e., 8 ~ 10 or more years 1n the future) but may be “more likely"
to use them against the U.S 1f they had them, there is a third category of potential threat - the
“wild card” or “proliferation” scenarto. In thus scenarto, a country “more likely” to use weapons
of mass destruction obtains what 18 essentially ST3 or even ST4 from one of the FSU states The
main feature of this scenario 1s that the threat could potentially occur at any time resulung in a
very serious, sophusticated threat to the U S

3.2.5 Threat Changes and Uncertainties

As demonstrated by recent activities in North Korea and other hot spots around the world, a great
deal of uncertamty exists i the assessments used above. In addition, political changes 1n the FSU
could dramatically change our “heightened risk™ assessment of having to defend against the FSU
attacking the U S utilizing ST3, ST4, or an even larger sophisticated threat very quickly.

The NMD technology readiness program provides a hedge aganst threats premised on hardware
that currently exists or 1s known to be under development This program 1s based primarly on
uncertamnty i the ttming and the specific scenario in which a threat may emerge Although exist-

RLALEL OLLUAEALAJ WARLLILLY a4 AL ATAANS YA M LM Laiatansa e T wans prasawcian 4 Aial oA A wEias s S wae prasasavtasa ] ras

3-3



National Missile Defense

ing hardware could be proliferated to Third World Countries, no assessment is currently availabie
which indicates that thus 1s any more or less likely than a given recipient country developing an
indigenous capability. Accordingly, the NMD program has as a goal to provide insurance agamst
both possibilities as rapidly as funding permuts

3.3 Evolving Technology Readiness

A key feature of the NMD technology readiness program is the availability of increased system
effectiveness over time as technology 1s demonstrated. Sigmificant mcreases 1n system effective-
ness are expected by the end of the following time frames. Early Term, FY 1995-1997; Mid
Term, FY 1998-2000; and Objective System, FY 2001-2003 Deployment planning will focus on
reduction of lead times and risks and will be updated on an annual basis.

3.3.1 The Objective Capability

The NMD objective system 1s defined to be that which can address threat classes ST1 through
ST4 m terms of meeting operational requirements against such threats.

As shown 1n figure 3-1, the objective system architecture consists of (1) early warning systems
(Space Based Infrared System (SBIRS) Geosynchronous Earth Orbit (GEO) satellites and
Upgraded Early Warnimg Radars (UEWRs) [1f available]), (2) a Ground Based Interceptor (GBI),
(3) a Ground Based Radar (GBR), (4) a Space and Missile Tracking System (SMTS) precommit
sensor, and (5) Battle Management/Command, Control, Communications (BM/CB). A single
NMD site could provide good protection against a small attack of up to four warheads of type ST1
- ST3, and adequate protection against ST4 threats (up to 20 Reentry Vehicles (RVs)) for Conti-
nental United States (CONUS) and Alaska. The compleie objective system could be demon-~
strated within a $400M per year NMD budget (not including SMTS) by about 2003. The
objective system architecture matures n an evolutionary manner. Early versions of the GBI and
the BM/C? can be available for contingency deployment starting in 1998

SBIRS GEQ 1s needed for the launch detection and attack warning. Early warning radars
(BMEWS and PAVE PAWS) would supplement the track data acqured by the SMTS space based
sensor, although they are not critical since the SMTS satellites would provide accurate threat state
vectors

The GBI consists of a nonnuclear, Hit-To-Kill (HTK) Exoatmospheric Kill Vehicle (EKV) mated
to a high-speed booster that can destroy strategic Ballistic Missile Defense (BMD) threats wn the
late rmdcourse portion of their flight. The GBI uses precommmt and in-flight target update sensor
data to lock onto the threat In the endgame, the EKV seekers are used to select targets from other
associated objects and home 1n on the target. After flight tests of the EKV seeker, an mitial EKV
intercept of a class ST2 target 1s planned for FY 1998 Beginming m FY 1998, the EKV will
incorporate radiation hardened components for survivability. The EKV and booster subsystems
will be flight tested agamst ST3 - ST4 class targets beginning m FY 2000.

The GBR consists of an X-band single faced phased array radar that can be physically rotated as
well as elecuomcally scanned As a primary sensor for NMD, the radar performs surveillance,
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acquisition, track, and support to discrimination, fire control, and kill assessment. To support pre-
comimt, the radar searches autonomously or in response to a cue, will acquire, track, classify/
identlfy threat objects and estimate object trajectory parameters The radar will pass to the BM/
c3 engacement planner all objects which 1t classifies as threat targets and other objects of mterest.
The BM/C3 engagement planner will use these data to develop a weapon tasking plan for the
iterceptor and sensor task plans for the GBR The radar schedules 1ts resources in response to
the sensor task plans to continue to track the target to provide data to support the generation of the
In-Flight Target Update (JIFTU) and a Target Object Map (TOM) to assess the intercept and
destruction of the target. A demonstration radar, Radar Technology Demonstrator (RTD), will be
buiit at the Kwajalein test range begmning 1n FY 1998 using components of the Theater Missile
Defense Demonstration and Validation (Dem/Val) radar and additional NMD software The RTD
will have sufficient performance and be ready to observe ST1 - ST4 class targets beginning in FY
1999

The Space and Missile Tracking System (SMTS) 1s a constellation of low earth orbiting satellites
containing Infrared (IR) sensors which provide midcourse tracking of RVs. The SMTS 1s able to
acquire and track RVs at longer ranges than Early Warung Radars (EWRs) and GBR, thus
increasing the probability of kill and battle space for shot opportunities. The objective SMTS
relies on long wavelength IR - 8T4 threats from associated objects agamst a
cold space background. Since the SMTS is not susceptible to radar jammuing, it provides a robust
capability to counter ST1 - ST4 class threats. The SMTS Fight Demonstration System (FDS) will
demonstrate the functional and operational performance, and validate the system design approach
to support the decision to develop and deploy an objective SMTS. The FDS will be comprised of
two satellites to be launched in FY 1998 for a multiyear test program. To aid development, miti-
gate nisk, and predict performance, a pathfinder sensor unit will be bwlt and ready for validation
testing 1n the contractor's facility n FY 1997, This ground demonstration of the flight sensor wall
be used to predict the flight performance of the sensors on the FDS and develop an on-orbit anom-
aly resolution data base to support the FDS operations. At present the SMTS 1s planned to be
used as an adjunct to the GBR which will serve as the fire control sensor

The NMD Battle Management, Command, Control, and Communications (BM/C3) system com-
prises three functional components Comma.ndcr in Chief (CINC) BM/C3, Site BM/C3, and
Engagernent Planning CINC BM/C? will provide the means for overall CINC command and
control (C ) of NMD assets, Human-in-Control (HIC) direction, and the interfaces with external
systems, e.g., Attack and Launch Early Reportung to Theater (ALERT) CINC BM/C? also pro-
vides extenswe decision support systems and displays, and s1tuauon awareness by correlatng the
best available data from the weapons and sensors Site BM/C? will provide local 1nterelement
integration for radar and interceptor operations, provide in-flight data links (required for In-Flight
Target Update/Target Object Map (IFTU/TOM)) Engagement Planning will generate integrated
weapon, sensor, and communications task plans cr1t1ca1 to GBI and GBR performancc In-Flight
Target Updates, and Target Object Maps. BM/C3 development 1ncludes hardware and softwa:e
that supports command and control decision making and integrates NMD sensor and weapon cle-
ments to make the NMD system compatible with current and planncd Command and Control (C2)
structures

The objective capability will be demonstrated through a series of increasingly sophusticated simu-
lations, ground tests with Hardware- In—The-Loop (HIT L), and flight tests Beginning in FY 1999,
intercepts mvolving the EKV, RTD and BM/C3 will test the ab111ty of these elements to operate as
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a system. Beginning in FY 2000, both ground elements and space based SMTS will participate in
demonstrations of the objective capabality.

3.3.2 Early Term Capability

Consistent with evolution to the objective capability, an early NMD contingency deployment
would consist of (1) existing early warning systems (satellites and radars), upgraded as necessary;
(2) a ground based interceptor consisting of an EKV and madified existing boosters, (3) an NMD
radar derived from the TMD-GBR, and (4) BM/C? derived from BMDO engaoement planning
and decision support software prototypes developed and demonstrated by the BM/C3 program.
Although there 1s no space based midcourse sensor capability, good CONUS protection (>85%
probability of zero leakers) against a small attack of up to four warhcads of type ST1 and ST2,
and some protection against ST3 threats is possible For use in a single-site configuration, this
capability could be demonstrated within a $400 mullion per year NMD budget (not ncluding
SMTS) by 1998. In the case of a decision to deploy before 1998, additional funds would allow
the development of this capability to be accelerated by about one year along with current deploy-
ment activities.

A prototypical GBI could be created by integrating a kill vehicle with existing booster stages
modified and stacked to meet the threat intercept performance requirements Neather the Exoat-
mospheric Reentry Vehicle Intercept System (ERIS) n‘nssﬂe nor the Lightweight Exoatmospheric
Projectile (LEAP) has been used with radar and BM/C3 elements to demonstrate the system capa-
bility required to meet ST1 - ST2 threats Both were designed as experimental vehicles to deter-
mune the techmcal feasibility of kill vehicle technologies. The ERIS program ended in 1992 and
the project team has since been disbanded The LEAP technology integration program vehicles
are currently sized for targets acquired at closer range than those needed for use against ST3 and
ST4 class threats. Therefore, an interceptor for an early option to deploy has yet to be demon-
strated An exoatmospheric kill velucle, derived from the ERIS, LEAP, and other technologies
that has the enhanced acquisition range and divert velocities needed for reasonable effectrveness
against the ST1 and ST2 threats 1s currently 1 development The EKV concept incorporates all
the kill vehicle functions necessary to support an early capability against ST1, ST2, and some
capability agamnst ST3 and 1s planned to evolve to an objective capability. Programmatically, the
current BMIDO EKYV project 1s a lower nisk path to achieving the necessary early system capabil-
1ty 1n about the same amount of time and for about the same cost as alternatrve kill vehicle con-
cepts considered (such as a kill vehicle with a sensor mnterstage) A review of alternatve kill
vehicles shows that integration and testing of these vehicles may be a significant nisk. For exam-
ple, the concept of interstage sensor data being able to provide timely updates for kill vehicle
course corrections remains to be demonstrated. Much of the software remains to be developed
and tested. The time to do this and other hardware 1n the loop testing of the kill vehicle and the
nterstage needs to be determined before an assessment of the risk can be performed

Existing early warning radars can provide, with some software modifications, track data to sup-
port BM/C3 weapon tasking agamst sumple threats. However, they have limited ability to pro-
vide ligh accuracy track data required for IFTU and TOM development. Furthermore, they are
susceptlble to simple countermeasures (e.g., Ultra High Frequency (UHF) jammers) which can
severely degrade their ability to support BM/C3 information requirements. Real-time algorithms
and processing needed to discrimuinate strategic threat objects (decoys, debris, etc ) have yet to be
developed In addition, some of these radars are on foreign soil, a fact that raght limit United

anda processing needed 10 AlsCrinunare strategic ureat ODjects (aecoys, AcDILS, €IC ) nave yei to pDe
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States options to upgrade or use them. Because of early warning radar shortcomings it 1s neces-
sary to provide a more robust capability The addition of a prototypical National Missile Defense-
Ground Based Radar (NMD-GBR) derived from ongoing TMD technology can provide this capa-
bility agamst himited threats This prototypical GBR (known as Radar Technology Demonstrator
(RTD)) would also be on the path to improvements beyond the early capability. For example, 1f
deployed 1mn a multisite configuration, which would not be ABM Treaty comphant, but might
become necessary under some future circumstances, the NMD-GBR and Upgraded Early Warn-
ing Radar (UEWR) combination could provide substantial protection agamnst the ST3 threat

Finally, the existing BM/C? models and prototypes need to be expanded and upgraded to opera-
tionally address ST1 and ST2 threats (and some capability against a ST3 threat). Real-time mnte-
gration of all the elements would be necessary, as would real-time operational support (e.g.,
decision aids, ability to disseminate and execute human decisions).

The preferred architecture for an Early Term contingency deployment includes EK'V-based GBIs,
a GBR, UEWRSs, and the BM/C? necessary for essential mnteroperability and interface with exust-
ng C4I systems as well as mterelement communications. The Defense Support System (DSP)
satelhtes support this architecture by serving as the attack warning sensor.

3.3.3 Mid Term Capability

If no deployment decision 1s made at the end of the Early Term, development activities will con-
tinue on the path to the Objective System. Continuing techmcal progress in the program will lead
to increasingly more capable contingency deployment options Technical progress made with the
EKV in the Early time frame will be the basis for an improved EKV i the mud term. Mid term
GBI improvements will mclude developing an optimal booster to improve overall capability,
enhancing reliability, availability, and maintainability, and incorporatmg kill velicle contractor
design iterations resulting from the early seeker fly-by and intercept flight tests Candidates for
technology infusion include hardened focal planes developed under the Pilotline Experimental
Technology (PET) and or Silicon Hybnd Extrinsic Long-wavelength Detector (SHIELD) pro-
grams as early as FY 1998, and a lightweight 20/44 GHz transceiver developed under the commu-
nications engineering program (FY 1999). Kill Vehicle (KV) contractor design iterations are
likely to occur 1n signal processing hardware and 1n target selection software

The Medium/Long Wavelength Infrared (M/LWIR) capable SMTS Flight Demonstration Satellite
(FDS) vehicles are planned to be flown in FY 1998 to begin a multiyear flight demonstration of
over the horizon cueing, and 1mproved tracking and discrimunation performance robustness to
threat countermeasures based on dual phenomenology sensors - (passive infrared and active
radar) The SMTS FDS data and demonstrations, coupled with advances in LWIR focal plane
technology and cryocoolers, will allow a mud term deployment of SMTS satellites The mimimum
time to deploy a limited number of LWIR equitpped SMTS satellites is about five years.

Reconfiguration of the TMD-GBR hardware for NMD-RTD use will be completed in FY 1998 for
the start of testing to validate NMD unique algorithms for target acqusition, tracking and discrim-
mation performance The FY 1999 EKV flight test will be used as a verification and measurement
test for the NMD-RTD Thus test will verify radar performance, demonstrate successful resolution
of the critical 1ssues, and verify the radar data hand over to BM/C? In addition, the NMD-RTD
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will collect data to update the NMD simulation models. Ths test will be followed by a series of
integrated system flight tests where the NMD-RTD will perform its fire conirol mission for the
NMD system

Annual EKV Integrated Flight Tests (IFTs), which begin with seeker flight tests in FY 1997, are
the key to establishing system level performance that validates the mcreasmg capability available
for contingency deployment. These IFTs will integrate the other elements as theiwr capabilities
mature to demonstrate integrated NMD operation. BM/C? and the RTD will be integrated at
Kwa}alem for calibration and check out durm‘T flight tests n FY 1999 and fully integrated and
activated in FY 2000 Additional BM/C> improvements augment the C? decision support capa-
bilities and modify integrated engagement planning for UEWRISMTS/GBR/EKV operations to
include providing IFTUs and TOM:s to the EKV by FY 2000. The integrated fhight tests will con-
tinue at the rate of about one per year n order to validate the successful resolutlon of key 1ssues
within the NMD program. These 1ssues include integration of the weapons, sensors, and BM/C3,
demonstration of the weapon/sensor hand over, dcmonstranon of tracking and dlscnmmanon
algorithms, and demonstration of reliable hit-to-kill intercepts. The successful accomplishment of
the test objectives 1n the integrated flight tests will provide the confidence that the evolution to
increased capability contingency deployment options has been achieved.

In summary, NMD capabitity will be demonstrated through yearly mtegrated system flight testing
and will result 1n a mid term contingency option that provides robust single site protection of the
continental U.S against threat categories ST1 and ST2 and good protection agamst ST3

3.3.4 NMD Program Schedule

The current BMDO Technology Readiness Program 1s structured to support development and
testing of cntical elements of the NMD architecture evolution. Figure 3-3 displays the overall
development and test schedule for the NMD Technology Readiness Program This schedule, and
the narrative throughout this report reflects the program as depicted in the FY 1996 President's
Budget.

3.4 NMD System Engineering and Integration Process

The BMD Capstone Operational Requirements Document (ORD), dated December 1994, defines
the system level operational requirements The NMD System Requirements Document (SRD)
allocates the system requirements to the elements by balancing and optimizing element require-
ments within the architecture. The SRD contains the requirements for a contingency deployment
1n each development ttme frame and will serve as the capstone system requirements and element
allocations document for an operational contingency NMD system. NMD system performance
will improve with each development ume frame because of the planned advances in technology.

The system engineering efforts will result in the defimtion of system/element test requirements
for NMD testing scheduled to begin in FY 1997, with the Ground Based Interceptor/Exoatmo-
sphernic Kill Vehicle (GBI/EKYV) seeker flight tests As element and system tests are conducted,
results will be evaluated against test predictions, system and element requirernents, and, where
necessary, used to adjust element designs to rebalance the NMD system
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Figure 3-3. NMD Baseline Program Schedule
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Refinement of top-down system level derived requirements based on demonstrated tests will vali-
date system element integration and ensure nteroperabulity and compattbility between NMD ele-
ments.

3.5 System Capability Demonstration

A key feature of the NMD development program 1s the demonstration of the prototype system
capability Realistic Integrated Flight Tests (IFTs) agamst threat representative targets are the key
to demonstrating an effective prototype ballistic missile defense for the United States While
early tests will employ simulation as well as Hardware- and Software-In-The-Loop (HWIL/
SWIL) for elements not yet available, later tests will demonstrate the integrated capabilittes of the
entire NMD system 1n realistic flight tests. Whenever possible, NMD system integrated tests will
leverage off of the EKV flight test program. Other NMD elements will be integrated into these
tests as their development progresses Since cost constraints preclude more frequent flight tests,
modeling and simulation and Integrated Ground Tests (IGTs) will be used to prepare for, and aug-
ment, the integrated flight tests throughout the NMD system test program. The Integrated Sys-
tems Test Capability (ISTC) 15 a HWIL/SWIL test support tool that will be developed as the
centerpiece to conduct IGTs for the NMD system

centerniece to condnet 1I(7Es tor the NMID svstem
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The mtegrated flight tests will demonstrate the functional capab111ty of an NMD system. These
functions mclude mtegration of the weapons, sensors, and BM/C?  The result of these efforts wall
be an NMD ('apablhty that could be the basis to acquire and deploy a robust, ABM Treaty compli-
ant, single site protection of the continental U S against quantitatively limited threats.

3.6 Deployment Planning

Reduction of the time to deploy is a major objective of the NMD Technology Readiness Program
In order to plan activities that can accomplish thus, a joint BMDO and Service Contingency
Deployment Plan (CDP) is under development It will show cost, schedule, performance and nisk,
of deploying a contingency NMD system at any time Although the first priority 1s to plan for an
ABM Treaty compliant system, the plan will also mnclude ABM Treaty noncompliant options.
The CDP will aid in prioritizing funding and activities that can lead to reducing the lead time to
deploy a system, consistent with Congressional direction, that limits the acquisition of hardware
before a decision to deploy 1s made Crucial to successful deployment planning 1s the 1dentifica-
tion and analysis of all system operating requirements and individual element development and
deployment functional acttvities. Also crucial 1s 1dentifying deployment “long peles” that must
be addressed and worked at the system and element level The output from the planming effort
will be a complete, sequential picture of all the activities needed to deploy a contingency system.

3.6.1 Reducing the Lead Time to Deploy

A July 1994 quick-look assessment revealed that planning must focus on all activities required to
design, fabricate, and deploy a contingency system As planning evolves, many of the activities
identified will be integrated into the NMD development projects where possible.

The preliminary assessment 1dentified two potential long poles for early deployment:

+ Site development and ntegration of the elements, on site, with the accompanying
environmental compliance, and

+ Kill vehicle development and fabrication.

Additionally, these imtial assessments 1dentified several ways to address the “long poles” Some
of the specific opportunities to accelerate deployment include:

+ Developing and negotiating specific acqusition, contractual, and potential environ-
mental warvers to be put i place prior to a deployment decision;

* Performing specific actions needed to mutigate regulatory compliance delays. For
example, an Environmental ITmpact Statement (EIS) for single site deployment can be
developed ahead of tme This EIS would be broad enough to provide environmental
coverage as the NMD capability evolves 1n the future,

» Conducting critical path analyses for each element,

» Identifying items and matenals already 1n the supply system that can be used during

*  10EenuIylng 1emMs and MmAarerlials areaay 1l e SUpply SySICIn Lldi Cdll DE useu auriy
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deployment,
« Completing factlity stabilization activities at the nitial site;
» Updating the Stanley R. Michelsen Safeguard Complex site survey,
¢ Performing the 35% design of critical facilities, and

* Developing a production and manufacturing strategy which will be coupled with an
industrial capabilities data base.

Overall, thorough critical path analysis of the Technology Readiness Program 1s essential to iden-
tifying the activities to be funded for contingency deployment in order to develop and maintain
the capabulity to deploy 1n three or less years once such a decision 18 reached.

3.6.2 Contingency Deployment Planning

As part of the ongoing NMD program planning, some preliminary estiates of deployment times
have been made. If a 1997 deployment decision 1s made, we estimate that the ground based sys-
tem can be deployed 1n about 24 to 42 months, and the full objective system, consisting of ground
based and space based elements, could be deployed 1n about seven years This estimate 1s based
on completion of EKV capability development and progress in developing the SMTS capability.

Since the exact date a threat may emerge cannot be predicted with certainty, a deployment dect-
sion may be required prior to 1997 when completion of the early capability 1s planned. If that
should occur, a concurrent development and deployment program would be implemented. This
program would be structured to deploy at a single site in about four years.

If a deployment decision 1s made 1n 2000, the GBI, GBR and BM/C? ground based elements
could be deployed m about three years The full objective system with the imitial SMTS,
equipped with Long Wavelength Infrared (LWIR) sensors, could be deployed 1n about 5 years. If
a decision to deploy 1s made in 2003, the full objective system could be deployed 1n about five
years.

3.7 TMD Program Leveraging

The NMD Technology Readiness Program will capitalize on those technologies matured through
development and fielding of BMDO's Theater Missile Defense (TMD) systems For example,
the development of ground based radar for TMD, which has a high degree of commonahity with
the radar planned for NMD, will reduce costs and lead times for the National Missile Defense-
Ground Based Radar (NMD-GBR). The Radar Technology Demonstrator (RTD) program will
leverage off the Theater Missile Defense-Ground Based Radar (TMD-GBR) program 1n both the
software and hardware areas NMD-GBR unique critical 1ssues of discimination, target object
mapping, mechamcal and electronic scan, and kill assessment will be resolved separately and
integrated mnto the RTD
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The resulting RTD design will use existing TMD bardware by incorporating the 12,500 TMD-
GBR Demonstration and Validation (Dem/Val) Solid-state Transmut/Receive modules iato the
RTD antenna Additionally, the RTD will reconfigure and use the existing TMD-GBR's Cooling
Equipment Unit (CEU), Operator Control Unit (OCU), and Electronic Equipment Unit (EEU)

Although the NMD and TMD missions are significantly different, the EKV program will leverage
off the TMD technology developments to the maximum extent practical. Stressmng challengcs
that are sirmlar in both NMD and TMD 1nclude 1ssues such as on board sensor fusmn BM/C3
interfaces, logistical support, wafer scale mtegration electronics, and producibility of certain sub-
cormnponents such as Inertial Measurement Units (IMUs).

3.8 Potential to Evolve to Higher System Effectiveness

While the NMD Objective capability can be used to develop a system that provides good protec-
tion for most of the U.S. against the full spectrum of assumed potential threats, there 1s a very real
possibility that the sophistication of potential threats will continue to evolve. To accommodate
changes, further technology mmprovement of existing components can be pursued, as can multi-
site operations or the addition of a space based element to the defensive architecture

Greater capability against more stressing threats than ST4 can be achieved, for example, by
mcereasing the discrimunation performance of the GBI, the GBR and SMTS and burnout velocity
of the GBI. Greater performance from a single site 1s also possible by adding more interceptors
The most highly effective defenses of the entire U.S , mcluding Alaska and Hawan, are provided
by interceptors at multisite locations.

The addition of a space based weapons element to the NMD architecture has significant payoff in
defending the U.S. aganst an attack from any location on earth. Continuous global coverage pro-
vided by a space defense allows a highly increased probability of zero leakers not only for Conti-
nential United States (CONUS), but for Alaska, Hawai, and all U.S territories as well, Such a
system operating in the boost phase of an Intercontmental Ballistic Missiles (ICBM's) flight
makes the NMD system relatively immune to countermeasures that might occur over the next
decade and beyond
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Chapter 4
Advanced Technology Development Strategy And Programs

4.1 Technology Investment Strategy

The Ballistic Missile Defense (BMD) investment strategy for sustainable development is to
acquire Theater Missile Defense (TMD) systems that meet today's requirements and, at the same
time, to anticipate potential future ballistic mussile defense requirerents and the technology needs
of tomorrow. Accordingly, these BMD efforts concentrate on affordable, hugh payoff technolo-
gies, including those available through cooperative programs with our alles, that can-

¢ Enable and assure the continuing vitality and potential improved performance and
affordability of the deployed TMD system,

* Demonstrate the technology base to defend aganst advanced threats such as
maneuvering targets, straightforward countermeasures, advanced submunitions
and weapons of mass destruction;

« Offer alternate system approaches {(architectural flexibility) that can provide major
mcreases 1 TMD and National Missile Defense (NMD) capability against an
uncertamn, evolving threat

In essence, we are developmg the technology that 1s essential to meeting the BMD mussion over
the long haul.

In keeping with Congressional direction 1n the FY 1994 National Defense Authorization Act, sev-
eral Ballistic Missile Defense Organization (BMDO)-managed technology programs directed
towards far term ballistic russile defense have been transferred from BMDO management
Remaining advanced technology efforts focus the BMD program on those concepts necessary to
maintain prudent exploratory and advanced development options

4.2  Technology Needs

To maintain the viability of a BMD architecture over time, technologies being developed must
provide options for improvements to deployed defenses or replace those deployments with new
capabilities to respond to a range of needs Among the most important of these needs are capabil-
ities to

* Meet straightforward countermeasures such as penetration aids or electronic coun-
termeasures,

» Cope with threat evolution such as advanced submunitions that improve the effec-
tiveness of the attacking mussile, longer range mussiles that enlarge the areas that
can be attacked, and maneuvering and less observable targets,

* Handle proliferation of ballistic mussiles and an increasing number of countries
possessing the technology for weapons of mass destruction Thus proliferation
demands greatly expanded battie space, increases the potential for surprise, and
leads to the need for rapid deployment of TMD to counter rapid escalation of a
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To prepare to meet these future needs, the BMDO 1s investing 1n the lugh leverage technologies
that can provide

Intercept of theater ballistic missiles in boost phase of flight to reduce the burden
on midcourse and terminal tier defenses,

Continuous coverage to detect a surprise attack or monitor the early states of a rap-
1dly escalating conflict;

Exoatmospheric and endoatmospheric intercept capability with high probability of
kill at reduced technical risk and program cost to expand battle space, increase
defended area coverage, and provide quick response solutions to theater defense,

Multisensor detection and tracking that extends through the missile flight path to
proviade the earliest possible alert, midcourse tracking, and

Identification, discrimunation, homing guidance, and aim point selection and kill
assessment to support early assuied targeting and effective battle management.

Figure 4-1 diagrams the future threat in terms of capabilities needed and potential technology
solutions. Arrows pomt from each critical technology solution to the mission needs winch that
solution addiesses

Figure 4-1. Technology Needs
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4.3 Program Overview

The current advanced technology development program is structured 1n four major segments Air
Launched Kinetic Energy Boost Phase Intercept, Directed Energy Boost Phase Intercept,
Advanced Sensor Technology, and Advanced Interceptor and System Technology, Figure 4-2
provides the current schedule for each segment.

Figure 4-2. Advanced Technology Schedule
Technology | - FY94 - FY:95 FY96 | FY97 "| FY.98 FYQg 1 FYoO:
Air Launched Hr-speed
Kinetie A Window A\ optical A ki venicre AlA AIA
Energy KE BPI ACTD Tests Seeker Tests | Design Review Hover Tests  Flight Demos
Boost Phase Flan Daveloped
Intercept
Directed Deliver Inertial A
Energy Measuring Unit HAEE Infrared
Track Experiment
E!':Imts t Phats ° | apoty Lawp (Ground)
niercep PRlY ALl Optical
(Chemucal Hirtar A| pench A A AL ign
Laser) 9 Assembly ALl Subsystem Power Tests
Integration Test|
Advanced MWIRBTH | Multi-quantum Twa-color On-focal Plane Indsvidual Integrated Integrated
Sensor Track Well Sensor | Multi-quantum | Processing Pagsive / Ground Flight
Technology Experiment Demo Well Senser Demo Active Sensor Passive/ Passwe !
Demo Demo Active Active
Sengor Demos ]| Sensor Demos
STRV-1b ACTEX-1 |Superconductor STRY-2 |Superconductor|
Advanced Expariment Launch | LWIR Signal Experiment LWIR,
Launch Processor Launch Continugus
Interceptor Cooler Demo A Cooler Demo A A
And System EFEX1 EFEX2 EFEX3
Technology A A A Launch A Launch Launch
STEP-3 Folded CQ, Sohd-state Advanced Ground
Launch LADAR Demo | LADAR Demo Power Demo
]

4.3.1 Air-Launched Kinetic Energy Boost Phase Intercept (BPI)

The BPI program will integrate and demonstrate critical technology elements into a full-up sys-
tem that can support airborne BPI concepts for the Awr Force and Navy Early boost phase mter-
cept not only reduces the number of ballistic missiles in post boost fiight, but can cause nussile
debris to fall on enemy territory or fall short of the intended target(s) This could serve as a pow-
erful deterrent against further development and proliferation, or actual use of chemical, biologi-
cal, or nuclear warheads Furthermore, as the range of ballistic mssile threats mcreases and the
types of warheads proliferate, the importance of boost phase mtercept capability increases signifi-
cantly Intercept of a mussile i its boost phase near the point of launch of the attack enables larger
defended areas and simplifies the identification and discrimination problems associated with mul-
tiple warheads and threat penetration axds The major chjecttve of thus program 1s to demonstrate
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the required technologies in the relevant operational environment in order to establish TMD sys-
tem utility. The BPI program also supports future Nauonal Missile Defense (NMD) objectives by
developing the endoatmospheric kill vehicle technologies for ground based mterceptors, which
take advantage of atmospheric stripping of threat peneiration aids The program will leverage
existing contracts and technologies currently under development, including the Israeli Boost
Phase Intercept (BPI) study, to mumimuze schedule and costs, and 1s planned and conducted with
BMDO, Axr Force, Navy and Army elements to maximuze user capabilities and interaction.

The demonsirations will validate critical technologies such as high velocity mterceptor nussiles
with hit-to-kill capability and provide (1) new component and system capabilities with reduced
costs/risks compared to current interceptor weapon systems, and enhancements to other mtercep-
tors under development, (2) reduction of costs and risks to support an acquisition program, and
(3) technical solution for contingent residual boost phase intercept capabilities for theater defense
Advances 1n Kinetic Kill Vehicle (KKV) technology, concept development, and test planning
activities have occurred with significant involvement by the Services.

4.3.2 Directed Energy Boost Phase Intercept

The Directed Energy Boost Phase Intercept Program consists of the Chemucal Laser (CL) pro-
gram and the Acquisition, Tracking, Pointing and Fire Control (ATP-FC) program. These high-
power chemical laser components and technotogies were developed over the past 135 years specif-
ically for the boost phase intercept mission These two programs were restructured 1 FY 1995 to
reflect Congressional and Department of Defense (DoD) guidance

Although not funded beyond FY 1997, BMDO 1s completing the Alpha/I AMP Integration (ALI)
effort at the Capistrano Test Site in Califorma. The Alpha laser, which achieved weapons-class
(megawatt-class) operation 1n 1991, 1s being mntegrated with the high-power beam director which
mcludes the 4-meter diameter Large Advanced Murror Program (LAMP) prumary mirror, the larg-
est murror ever bult for use n space, along with adaptive optic and holographic beam control
technologies To conserve funds, testing of the Alpha laser will be suspended. The Alpha laser
will be placed 1n a "mamtenance only" mode during FY 1995 and remain 1nactive until the ALI
program 1s ready to begin the high-power test phase n the first quarter of FY 1997 Following
completion of the ALI mtegration and test activity the space based laser program 1s scheduled for
cancellation.

4.3.3 Advanced Sensor Technology

This program 1s an evolutionary effort to 1mprove tracking of ballistic mussiles by improving sur-
veillance sensors, and advancing signal processing techniques for efficient and definitive identuifi-
cation and discrimmation Development efforts emphasize compact, adaptable, efficient passive
Focal Plane Arrays (FPAs) and precision active optical ranger/illuminators Integrated detection/
signal processing demonstrations are scheduled for FY 1997

Thereafter, the program develops the next generation of BMD sensing technology. Radar devel-
opment efforts will emphasize muntaturized, adaptive techmques. Resources will also be used to
develop data fusion and discrimunation Intermediate mulestones address a bulding block
approach of the system hardware and algonthm development Airborne testing of these integrated
technologies will begin 1n FY 1998 The ulumate objective will be achieved 1 a FY 2000 flight,
using available aircraft platforms, that will demonstrate fusion of surveillance sensor data from
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radar, Laser Detection And Ranging (LADAR), and Long Wavelength Infrared(LWIR) sensors
with on board signal processing, tracking, and discimination algorithms The proof-of-principle
detection, tracking, and discnnmination demonstrations are planned to validate the maturity of
technology prior to infusion into any acquisition program,

An effort related to the sensor program involves understanding the phenomenology associated
with target signatures against different backgrounds. BMDO continues thus critical technology
program and has conducted a number of activities with our allies aimed at extending phenomenol-
ogy data bases through acquisition and exchange

4.3.4 Advanced Interceptor and System Technology

The Advanced Interceptor and System Technology (AIST) program 1s based on the fundamental
prenuse that technology investment is not an option, but rather a requirement for achieving the
BMDO rmssion. The focus of the program 1s therefore on providing technologies for BMDO ele-
ments which reduce technical risk, enhance capabilities and increase affordability Technology
insertion 1s accomplished through extensive ground, arrbormne, and space demonstrations. Four
major categories are addressed-

» Technology which will insure high signal/noise 1mages for interceptor and surveil-
lance optical sensors* active and passive vibration control and use of non-contam-
mating optical baffles and low noise superconducting signal processing
electronics,

» Development of lightweight, high stiffness, advanced composite structures and
components which utilize low cost, single-step fabrication methodologies to pro-
wide cost-effective weight growth mitigation for all BMDO systems,

» Provide essential data to BMDO systems which enable design of effective sensor,
surveillance and interceptor systems. Thus includes data on performance of crincal
microelectronic components i the space radiation environment, Medium Wave-
length Infrared (MWIR) background/clutter data at high latitudes as a function of
altitude and seasonal variation, micrometeorite and debrs fiuence at mission alti-
tudes, response of key materials and coatings to the space environment, and basic
engmeenng data on structural response and sensor window performance during
ultrahigh-speed (>3 km/sec at 60 km altutude) endoatmospheric fhight BMDO
tests on advanced materials for use 1n Infrared (IR) windows has included samples
from several allied nauons including the U.K. and Japan

» Development of interceptor components necessary to achieve long-range threat
detection, accurate hommng guidance, and aim point selection for autonomous hat-
to-kill interceptors This includes high frame rate, high signal/clutter ratio passive
infrared seeker, LADAR, and data fusion processing technologies. Emphasis 1s
placed on increasing output power, minaturization, and waveform generation to
support on board 1maging. Also mcluded 1n this effort 1s the advancement of sup-
porting 1nterceptor technologies, such as Inertial Measurement Units (IMUs), pro-
pulsion, communications, and other subsystems that may be required to take full
advantage of the improvements mn the seeker technology The uliimate objective
will be achieved 1n interceptor flight tests m FY 2002 that will demonstrate on
board fusion of active and passive data to detect, track, and discriminate The
proof-of-principle demonstrations are planned to vahidate the maturity of the tech-
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nology and to demonstrate the reduced dependence of interceptors on external sen-
sors to perform hit-to-kill, prior to infusion mto any acquisition program.

The AIST program has effectively leveraged the expertise and resources of other agencies and
allied nations in collaborative multinational, multiagency programs. This approach munimizes
direct cost to BMDO and increases the effectiveness of technology development and demonstra-
tion efforts.

4.4 BMD Exploratory Science and Technology Program

The goal of the exploratory and science technology program 1s to identify, nurture, develop, dem-
onstrate, and transition mnovative 1deas and approaches to ballistic nmussile defense technology
The projects sponsored by the program are structured to exploit science and technology to
improve periormance, weight and volume, producibility, and affordability of future BMD sys-
tems. Many examples of successful research, demonstration, and transitton are already docu-
mented, while many new ones are in the pipeline. Figure 4-3 provides a compilation of many
accomplishments for FY 1994, In addition, the highly successful Clementine satellite mission,
described 1n Section 4.6, was managed under this program

The exploratory and science technology program has two major thrusts: The Innovative Science
and Technology (IS&T) contracted research program, and the Small Business Innovative
Research (SBIR) program Both are Research and Development (R&D) projects with the goals
outlined above. In addition, the SBIR program has a strong legislatively directed commercializa-
tion emphasis Thus 1s a key factor 1n selecting SBIR projects.

4.5 Technology Transfer and Dual Use

Much of the research pursued by the BMDO has broad application to meeting overall DoD needs
and potential for civil and commercial applications. A second important objective 1s, therefore, to
conduct a portion of the BMDO research efforts in a manner that enhances this technology trans-
fer. For eight years, the Office of Technology Applications (OTA) within BMDO has focused on
moving BMD technology out of the DoD and other Federal Laboratories and into the commercial
market place and other agencies It has been a model program, working closely with government,
umversities, and mndustry To date, the OTA program has documented the following statistics
from 1ts commercialization efforts: 28 new spin-off companies started, 168 new products on the
market, 204 patents granted, 149 patents pending, 231 new ventures (licensing agreements, strate-
gic alliances, third party agreements, partnershups, etc) started, 15 cooperative reseaich and
development agreements Each of these emanates from a BMDO-sponsored technology.

Activities of BMDO's Small Business Innovative Research Program are a case in pomt In FY
1993-1994, erght small firms with missile defense technology as their centerpiece raised nearly
$100 mullion of new capital 1n the marketplace The BMDO mvestment 1n these firms through the
SBIR program totaled $12 mullion Therr current inferred valuation 1s over $500 mullion. Figure
4-3 describes a sampling of BMDO research technology accomplishments and their dual use
potential
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Figure 4-3. BMDO Technology Accomplishments

Research Area And
Accomplishments

Impact On BMD
Capabilities

Potential For Military And
Civilian Applications

Sensors
* Snperconducting Quantum Detector For High
Sensihwity Focal Plane Array (FPA)

* S1Ge / Si Heterojuneture Internal
Photeemssive (HIT) Petectors

+ Electron Tuunel Sensor

* Internal And Externatly Cooled Infrared
Windows

+ Midcourse Detection, Low Nose Warelength
Davision Multplexer (WDM) Recervers For Test
And Evaluation And Command 4nd Coatrel
Centers

Silicon Compatble FPAs Sensitive In The 6-12
Mircron Region

Uncooled Sensor With The Sensivity OF HaCdTe
Enables IR Seeker Operation At High Veloaity
And Low Altutude

« Astronomucal Observation, Low Noiwse WDM
Recervers For The Natronal Information
Infrastructare (NII)

* Commercaal Remote Sensing
» Commercial Remote Sensing

« High-speed Air-to-Air Or Low Altitude And
Cruise Missile

Optoelectronie Devices
* High-speed Photomc Netwarks

* Terabyte Optical Storage

High Pecformance Computing And
Communications For Test And Evaluation,
Simulation And Batile Vanagement, Command
Control And Commumnict:ons (BM/C)
Archival Storage For Test [tata

+ National Information Infrastructure (NIT)

« Large Pubbie Data Bases, Digital Libranes,
Medical, Commeraal Video, And Other Acchuval
Storage Media

Electronte Devices

+ Nonvolatile Semiconductor Random Access
Memory (RAM)

* Low Temperature (10 degrees Kelvin) Digital
And Analog Superconducting Ciremts

Long Life Memory For Theater Operations

*

Transceivers For Broadband Yireless Backbones
For Telecommunseations, High-speed Switchung
For Command And Control Centers (e g , MMIC)

« Wireless Communications Smart Highways

» Multimedia Centers

Computers

* WASP 3-D Waler Scale “Asscciative String”
Reconfigurable Processor

* IDANN 3-D Analog Neural Network Processor

+ JPL Vietacomputer

*

Graphucs Engine For BM/C3 And Test And
Evaluation Workstahon

+ Compact (1 cebic inch) Low Power (1W) Fast
Frame Seeler

Teraftop Performance For Distnibuted Simulation

+ Visualization Engine For Muliimedia

+ Powerful Neurat Network Processor For Real-
tume Image Processing And Robotics
« Teraflop Performance For Scaentific Computabon

Communications
« Lasercomm 1 GHz Transceiver

« Terahertz All Fhotonuc Fiber Networks

* Broadband Millimeter Wave Transceiver

High Capacity Jam-less Backbone For Sensor-to-
Sensor Satelhte Downlinks

Terrestrial Backbones For BM/C3 And Test And
Evaluation

* Wireless Backbones For BYI/C? And Test And
Evaluation

» Remote Sensing From Space
* Natsonal Information Infrastructure (NII)

s Intermatbicnal Teleconferencing

Matertals
« Nonhnear Electro Optrc Polymers

+ Wideb

o
uctors

d Gap S

« Nanerthographically Patterened Quantum
Confined Semuconductor Matenals

+ Successful Sight Of STRY-1US /UK
Microsatelites

Demonstrated For The First Time Room
Temperature Spectral Hole Burung For Dense
Memory

Demonstrated True Blue Laser Dhode, SiC
Nonvolable Random Access Memortas (RAM)
Advanced Digital And Analog Devices For A Wide
Varety Of Applications

Improved Sensor Performance

= High Capacity Cache For Teraflop
Superconductors

+ Thm Screen Color Display, Permanent Yemory
At BAM Access Speeds

» Advanced Digital And Analog Devices For A
Wide Vanety Of Applications

» DoD, NASA Applications For Low Mechanical
Nose Platforms

Rocket Propulsion

+ Sohd Propellant Oxidizer {Ammonum
Dumtride, ADH) With Higher Energy But
Without Environmentally Questionnable
Chlonine

* Energetie Oxetane Thermoplastic Elastomers

* High-G Solid Divert And Alittude Control
Propulsion
* ¥ulbple Pulse Axial Motors

Reduces Booster Requirements By 10%,
Ebrmmnates Environmental Concerns, Improves
Contrel OF Thrust Profile

Propellant Manufactuning Defects Corrected By
Reheating And Recasting, Waste And Reclaimed
Propellant Reused Without Penalty

Navy Safe Propulsion For Hit-to-Kill Interceptor
Systems

Reduces Divert Requirements On Hit-to-Kall
Interceptors

» Bemng Constdered As Replacement Propellant For
Shuttte Carried Low Earth To Geosynchronons
Transfer Viotors

* Tn-service Interest Building, Integral Part Of
Several TR&D Programs

» Highly ¥aneuverable ¥issile Systems Inside Or
Qutside Atmosphere
« Flexble Energy Management For Space Motors

Power

= Solar Array Technology That Includes
Concentrators And Dual Band-gap
Photovoltac Matenals

40¢c Reduction In Mass, 60% Reduction In Cost,
Yan-allen Rad:ation Resistant

+ Cooperahive Program With NASA And Air Force,
Fhght Demonstration Tests Being Augmented By
Communication Satellite Companies

e rmm———— - ————
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4.6  Significant Accomplishments in 1994

Some advanced technology accomplishments for 1994 are brefly highlighted below. These
accomplishments are representative of BMDO's Advanced Technology Program and illustrate the
broad spectrum of activities required to support TMD.

The Clementine satellite project, launched in February 1994 and accomplished at a total cost of
$80M, was a two-year program to test 23 advanced technologies useful for mussile defense. Many
of the new technologies were novel sensors and signal processors that used the moon as a target to
demonstrate their 1maging capabihties. Over 1.8 milhon 1mages of the lunar surface were
returned to earth 1 the ultraviolet, visible, md- and long wavelength infrared regions of the spec-
trum. A mumature laser radar measuged the topology of the entire lunar surface to better than 40
meters.

Other 1mages of the moon were taken with advanced cameras using exotic materials such as
mdmum antimonide to record the pictures. These modern detectors will find applications 1n sev-
eral BMDO interceptors and sensor systems The amazing fact about thus new sensor technology
is how lightweight it 1s the entire package of five sensors on Clementine weighed only 18
pounds. Other advanced technologies flown 1n space for the first time include a battery which
provides power at one-fourth the weight of its predecessor, solar arrays for generating electricity
that are one-third the thickness of earlier arrays; and commercial-off-the-shelf technologies,
mcluding 4-megabit Dynamic Random Access Memories (DRAMSs) and a 32-bit Reduced
Instruction Set Computer (RISC) for processing 1mages Because of the success of Clementine,
some of these 23 new technologies are now flight qualified for use in today's BMD systems.

The eleventh successful high-power test of the Alpha/LLAMP Integration (ALI) programn was com-
pleted this summer at the Capistrano Test Site in California The ALI facility, mcluding the vac-
uum chamber for LAMP, and the 64 ft by 24 ft ALI Optical Bench were completed and their
performance was validated during testing. New coatings and gratings were applied to the 4-meter
Large Advanced Murror Program (LLAMP) murror segments and transmussive beam sampling was
demonstrated at high power with single crystal silicon optics. These uncooled, lightweight optics
significantly reduce the laser system's weight, cost, and complexity Machming of a full scale sin-
gle crystal silicon 1ner cone assembly for the laser resonator and the fabrication of a partial scale
silicon annular optics were completed These efforts confirm the technology readiness of produc-
tion size uncooled optics. The fabrication of a flowing Stimulated Brillouin Scattering (SBS) cell
was completed and high-pressure medrum homogeneity was demonstrated with high molecular
weight Xenon stimulants in the Advanced Phase Conjugation Experiment (APEX) technology
program. This phase correction technology will enable the formation of a brighter lugh-power
laser beam which could significantly enhance the laser system performance The fabricahon was
completed on the Overtone Research Advanced Chermucal Laser Hypersonic Low Temperature
(ORACL HYLTE) gain generator module for an High Frequency (HF) overtone laser This over-
tone technology offers the promuse of being able to develop the high-power laser at shorter wave-
lengths which could significantly enhance the performance of the laser sysiem

The Advanced Beam Control System (ABCS) program demonstrated automated alignment of a
wide-field-of-view three-mirror telescope (subscale prototype) The experiment demonsirates the
mutial feasibility of autonomous control of advanced high energy laser systems for space applica-
tions.

ihitial Teasipilry oI auronoimous COonirol oI aavanced nigh energy laser systCims IOor space applica-
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The Large Optical Segment (LOS) program, after successfully demonstrating fabrication of a 4-
meter-diameter petal of an 11-meter segmented primary murror continued with the fabnication of
the 4-meter center segment.

The Acquisition, Tracking, Pointing and Fire Control (ATP-FC) program

* Demonstrated active control of structural disturbances on the Space Integrated
Controls Experiment (SPICE) test bed Achieved a jitter rejection ratio surpassing
the previous state-of-the-art and the program goal;

» Completed development, delivery and acceptance testing of an Inertial Pseudo-
Stellar Reference Unit (IPSRU) capable of pomnting a low-power laser alignment
beam with extreme precision 1n mertial space;

* Continued destgn and fabrication of a High Altitude Balloon Experiment (HABE)
payload to demonstrate an end-to-end engagement agamst a TMD target.

BMDO and the Services have successfully evaluated several critical technologies that support the
BPI Program under TMD funding in FY 1994 The BPI program mmtated concept of operations
development, mtercept test planning, and Kinetic Kill Vehicle (KKV), booster, and kickstage
development; conducted KKV window thermal optical tests and hyperthermat facilities; and com-
pleted fabrication of KKV structural forebodies for testing to enable design of the guidance and
control for high-speed endoatmospheric flight.

BMDO achieved signuficant progress in developing Lightweight Exoatmospheric Projectile
(LEAP) interceptor systems for integration with Navy Standard Missile (SM) and shapboard com-
bat systems as part of the Navy Theater Wide Program to prove the feasibility of using flexible
naval forces for intercepting Theater Ballistic Missile (TBM) targets outside the atmosphere A
solid divert LEAP 1nterceptor, compatible with Navy shipboard safety requirements and equipped
with a Long Wavelength Infrared (LWIR) seeker for long-range target acquisition, was success-
fully hover tested Flight quahfication was accomplished for major LEAP/SM subsystems,
including the Advanced Solid Axial Stage (ASAS) kickstage, Global Positioning System (GPS)/
Inertial Navigation System (INS), Attitude Control System (ACS), and LEAP interceptor. The
successful Navy LEAP target demonstration flight test validated the program target as TMD
threat representative. Safety certification for LEAP interceptor operations on board ship was
completed, and LEAP interceptor mtegration with the Navy SM contmued m preparation for two
FY 1995 at-sea intercepts (FTV-3, FTV-4) of a TMD target. Planmng also was 1nitiated for exe-
cution of an exoatmospheric controliability demonstration of a SM-2 Block IV mussile from an
AEGIS ship at sea

The final planned flights of the Single Stage Rocket Technology (SSRT) Delta Clipper Expen-
mental (DC-X) were successfully executed and expanded the flight envelope to increasing alu-
tudes and flight durations. These successes demonst